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PREFACE. 


X  HE  termination  of  the  Second  Volume  of  the 
Annals  of  Philosophy  will  enable  our  readers  still 
more  completely  to  understand  tbe  plan  and  the 
object  of  the  work,  and  in  what  particulars  it  differs 
from  other  scientific  journals. 

It  will  be  admitted,  we  conceive,  without  hesitation, 
that  the  second  volume  is  considerably  more  valuably 
than  the  first ;  a  sufficient  proof  that  the  attention  of 
the  Editor  has  not  relaxed,  and  that  more  copious 
sources  of  information  have  been  continually  opening 
upon  him. 

The  great  increase  of  original  communications  from 
men  of  science,  sufficiently  conspicuous  in  this  volume, 
has  rendered  it  necessary  to  deviate  occasionally  from 
the  original  plan,  as  far  as  regards  the  regular  insertion 
of  the  analysis  of  a  scientific  book  in  each  Number. 
Such  deviations  cannot  always  be  avoided ;  and  when 
we  have  to  balance  between  deferring  an  original 
paper  and  the  review  of  a  book,  we  conceive  it  but 
reasonable  that  the  latter  should  yield  to  the  former. 

We  may  now  confidently  anticipate  an  unrestrained 
communication  between  Great  Britain  and  all  the 
other  countries  in  Europe  where  science  is  cultivated. 
The  Editor  fully  expects  to  derive  much  valuable 
information  from  the  labours  of  the  philosophers  in 
Germany  and  the  North  of  Europe :  and  proper  means 
will  be  taken,  as  soon  as  the  channels  of  communica- 
tion are  open,  to  secure  a  regular  correspondence  in 
these  countries. 
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Biographical  Account  of  M.  de  Ldgrange* 

M.  DE  LAGRANGE,  the  greatest  mathematician  of  the 
present  age,  having  died  about  two  months  ago  at  Paris,  the 
Britbh  public  will  no  doubt  be  eager  to  get  some  information 
respecting  the  life  and  labours  of  so  celebrated  a  philosopher* 
Thi§  has  induced  me  to  translate  the  following  short  sketch  from 
die  Moniteur  of  the  4th  of  May.  It  contains  a  general  outline^ 
which  seems  to  be  drawn  with  considerable  accuracy  and  some 
discrimination.  As  soon  as  a  more  complete  biography  of  this 
fllustrious  man  is  published,  I  shall  not  iail  to  make  it  known  to 
my  readers. 

M.  de  Lagrange  was  born  at  Turin,  on  the  25th  of  January^ 
1736.  He  began  his  studies  in  that  city,  at  a  very  early  age'; 
.and  though  he  made  a  distinguished  figure,,  he  did  not  at  first 
display  that  strong  predilection  for  mathematics  which  animated 
him  during  the  greatest  part  of  his  life.  The  elements  of  that, 
science  was  at  that  time  taught  in  what  was  called  the  Class  of 
Philosophy.  M.  de  Lagrange  attended  it  the  first  year  without 
pleasure,  and  without  advantage.  Literary  pursuits  were  more 
to  his  taste  ;  but  finding  himself  under  the  necessity  of  attending 
the  Class  a  second  year  with  more  application,  his  mathematical 
genius  awoke,  and  he  made  the  most  rapid  progress.  At  the 
age  of  1 6  he  was  mathematical  professor  to  the  School  of  Artil- 
lery. His  first  researches  were  directed  to  the  determination  of 
the  propagation  of  sound.  They  were  published  in  the  Memoirs 
of  the  Turin  Academy  for  17^9  and  1/60.    Already  he  had 
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engaged  in  a  correspondence  with  the  great  Euler,  tljiough  it 
must  be  acknowledged  that  the  letters  of  Euler  were  those  of  a 
master  to  his  scholar ;  but  all  inequality  between  them  speedily 
disappeared.  At  the  age  of  twenty-four  Lagrange  published  his 
Cakultis  of  Fariations^which  had  been  some  time  in  his  possession. 
It  was  the  greatest  degree  of  generalization  and  extension  that 
could  be  given  to  the  important  discovery  of  Descartes  on  the 
analysis  of  indeterminate  quantities.  It  was  received  with  admi- 
ration. Euler  especially,  who  had  written  on  the  same  subject 
one  of  his  best  works,  and  who  had  reason  to  regret  that  an  idea 
so  simple  and  so  fruitful  had  escaped  him,  was  the  first  person  to 
point  out  and  celebrate  the  method  of  his  young  rival.  He 
wrote  several  papers  by  way  of  commenting  on  it ;  and  it  was 
he  that  gave  it  the  name  of  the  Calculus  of  Variations,  La- 
grange himself  was  satisfied  with  giving  it  the  name  of  an  essay. 
Lagrange  did  justice  to  this  great  honour,  by  acquiring  new 
titles  to  glory.  In  1764  he  gained,  the  prize, proposed  by  the 
Academy  of  Sciences  on  the  Ulration  of  the  moon.  Not  only  did 
his  analysis  embrace  the  whole  of  the  question  proposed,  l^ut  he 
likewise  pointed  out  to  mathematicians  the  extent  and  fecundity 
of  the  principle  of  virtual  velocities  in  the  solution  of  mecha* 
nical  problems.  This  idea  contains  the  germ  of  one  of  his; 
finest  works,  which  he  called  Mechanique  Analytique^  because 
he  reduced  under  a  single  analytical  formula  all  imaginable 
mechanical  questions,  supix)sing  the  direction  and  the  mode  of 
action  of  the  ferces  known.  M.  de  Lagrange  gained  four  other 
great  prizes  proposed  by  the  Academy  of  Sciences.  We  would 
not  prc^eriy  appreciate  the  importance  of  this  circumstance 
unless  we  attend  to  the  nature  of  the  questions  proposed  in^such 
cases.  Tliey  consisted  of  the  most  important  points  of  science^ 
of  tlie  most  difficult  and  profound  theories  towards  which  the 
efforts  of  mathematicians  were  drawn.  Wc  may  almost  reckoa 
the  steps  made  by  science  by  tlie  number  of  such  questions  pro- 
posed and  resolved. 

M.  de  Lagrange  quitted  his  country  in  1 7^6.  Euler,  who  had 
been  director  of  the  Berlin  Academy,  went  at  that  time  to 
Petersburg.  Frederick  the  Great  proposed  to  d'Alembert  to 
succeed  htm.  D'Alembert  returned  his  thanks  to  the  King,  and 
pointed  out  Lagrange  as  a  proper  person  to  fill  the  place.  La- 
grange, accordingly,  was  chosen.  His  arrival  in  Berlin  was 
inarked  by  a  fine  work  on  numerical  equations,  which  constitutes 
the  foundeition  of  the  treatise  that  he  afterwards  published  on 
that  subject.  Soon  afterwards  he  communicated  his  researches 
on  algebraic  equations ;  and  during  the  22  years  that  he  conti- 
nued jMreetor  of  the  Berlin  Academy  he  published  about  60 
disMftatioDs  on  all  parts  of  mathematics,  on  partial  differences^ 
tfate  diflbmioety  piobabilitiesi  the  theory  of  numbers,  and  the 
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most  difficult  questions  of  general  astronomy.  This  did  not 
prevent  him  from  sending  likewise  papers  to  the  Turin  Academy^ 
which  had  been  honoured  by  his  first  successful  efforts.  No  man 
posseaised  of  less  extent  of  genius^  and  less  fecundity  of  inven* 
tion,  oould  have  ventured  to  succeed  such  a  philosopher  as 
Euler;  but  every  person  must  acknowledge  that  Euler  had  a 
worthy  successor. 

During  his  residence  in  Berlin^  M.  de  L'^grange  married,  not  so 
much  from^  any  inclination  for  the  state,  as  ^because  it  was  cus- 
tomary for  the  academicians  to  be  married.  This  union  was 
followed  by  several  misfortunes.  M.  de  Lagrange  had  a  child,  who 
died,  we  are  informed,  while  young.  His  wife  died,  likewise, 
after  a  tedious  and  painful  disease.  M •  de  Lagrange  took  care  of 
her  during  her  illness  with  the  most  inviolable  attachment^ 
hardly  ever  leaving  her,  and  contriving  new  methods  for  her 
cure.  This  second  loss  rendered  his  abode  in  Berlin  disagree- 
able :  besides,  lie  was  afraid  that  the  tranquillity  of  Prussia 
would  be  interrupted.  These  motives  caused  him  to  listen  to  the 
o&rs  which  were  made  to  induce  him  to  go  to  France,  where  he 
hoped  to  enjoy  greater  tranquillity.  He  reached  that  country  in 
1787,  and  was  soon  after  surprised  by  the  Revolution.  He 
passed  through  it  witiiout  experiencing  any  personal  misfortune* 
About  this  period  his  Mecanique  Analyt'ique  appeared.  M.  de 
I^igrange  liad  sent  the  manuscript  from  Berlin,  and  had  en^- 
trusted  the  publication  of  it  to  one  of  the  most  celebrated 
French  mathematicians.  It  had  been  printed  for  two  years 
before  Lagrange  even  thought  of  opening  it;  and  when  a 
gentleman  to  whom  he  communicated  the  circumstance  ex- 
pressed his  astonishment  at  so  much  indifference,  ^^  1  was  dis- 
gusted,'^ said  he,  ^^  with  these  kinds  of  combinations,  and  I  set 
myself  to  learn  chemistry,  which  I  now  find  easy,  for  it  may  be 
learned  in  the  same  manner  as  algebra."  It  is  necessary  to  be 
a  Lagrange  to  seek  in  algebra  a  model  of  facility.  It  is  remark- 
able that  the  taste  for  mathematics  may  be  thus  destroyed,  and 
revive  again.  D'Alembert  seems  to  have  undergone  the  same 
kind  of  change. 

In  1792  M.  de  Lagrange  married,  a  second  time,  a  young  and 
beautiful  lady,  daughter  of  M.  Lemonnier,  one  of  his  fellow 
members  of  the  Academy.  She  rendered  his  life  very  happy. 
He  observed  in  his  last  moments  that  he  found  death  easy,  and 
that  his  regret  in  leaving  an  excellent  wife  could  alone  make  it 
painful.  When,  after  the  events  of  Thermidor,  public  instruction 
was  again  re-established,  M,  de  Lagrange  was  named  Professor 
in  the  Normal  School.  The  lectures  which  he  there  delivered 
have  been  printed.  When  the  Polytechnic  School  was  formed, 
he  was  likewise  one  of  its  first  Professors ;  and  those  who  had 
the  hi^jq^HQess  to  hear  him  know  with  what  respect  be  was 
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listened  to.  It  was  then  that  he  published  his  Calcul  des  Fonctions 
Analytiquesy  his  Traite  des  Fonctions^  and  his  Resolution  des 
Eqiuttions  Num&riqiies.  These  works,  composed  for  the  Poly- 
technic School,  were  not  one  of  the  least  causes  of  its  celebrity. 
When  the  Institute  was  formed  M.  de  Lagrange  was  necessarily 
named  the  fii*st  member  in  the  section  of  Geometry.  When  the 
Board  of  Longitude  was  established  he  was  appointed  one  of  its 
members  ;  and  till  the  very  last  period  of  his  life,  nobody  was 
ihore  exact  than  he  in  his  attendance  at  the  meetings  of  both 
these  learned  bodies. 

At  the  epoch  of  the  18th  Brumaire  he  was  named  Senator, 
and,  successively  Grand  Officer  of  the;  Legion  of  Honour,  and 
Grand  Cross  of  the  Order  of  Reunion.    The  eclat  of  rank  and 
fortune  did  not  seduce  him  for  a  moment.     He  retained  always 
the  same  mode  of  life,  the  same  habit  of  study,  the  same  sim- 
plicity.    This  wise  conduct  was  the  more  necessary  for  him, 
because  he  had  always  been  of  a  feeble  constitution ;  and  it  was 
to  thb  extreme  moderation,  in  every  thing  but  study,  that  we 
must  ascribe  the  length  of  his  life,  and  his  old  age  free  from 
infirmity.    He  had  likewise  the  rare- good  fortune  to  preserve  his 
genius  to  the  end  of  his  life.     Indeed,  if  we  examine  the  whole 
of  his  works,  we  shall  find  in  them  marks  of  the  progress  of  the 
science,  but  no  indication  of  old  age.     He  had  undertaken  at 
the  latter  period  of  his  life  to  give  a  new  edition  of  the  Meca- 
nique  Analytique  considerably  augmented.     He  published  the 
fh-st  volume,  m  which,  among  other  remarkable  additions,  we 
admire  his  fine  investigations  of  the  most  general   questions 
of   astronomy  and  mechanics.     He  laboured  with  the   most  - 
indefatigable  industry  at  the  two  remaining  volumes,  in  which 
he  intended,  it  is  said,  to  treat  of  the  great  phenomena  of  the 
system  of  the  world  ;  but  this  labour  hastened- the  period  of  hit 
death.     It  is  said  that  the  manuscript  of  the  second  volume 
exists,  written  entirely  with  his  own  hand.    It  is  to  be  wished, 
for  the  good  of  the  sciences,  that  the  publication  <rf  this  precious 
monument  be  committed  to  persons  who  will  acquit  themselves 
with  promptitude  and  fidelity. 

The  character  of  the  genius  of  Lagrange  has  been  exactly 
appreciated  by  a  philosopher  whose  name  in  the  sciences  hai 
been  long  associated  with  his  own.  If  we  durst  add  any  thing 
to  that  judgment,  it  would  be  to  confirm  it,  by  recalling  to 
memory  the  impression  made  upon  the  mind  by  the  perusal  of  fhe 
works  of  Lagrange.  It  is  not  only  the  pleasure  that  results  from 
a  clear  and  accurate  arrangement,  it  is  a  ray  of  light  which  darts 
upon  the  mind,  removes  the  obscurity  from  the  most  compli- 
cated objects,  and  discovers  to  your  astonished  eyes  the  certain 
'._  and  direct  road  which  leads  to  the  object  that  you  wish  to  obtain. 
^Jbfiti_  w^  bMfeqnce  read  and  understood  a  memoir  of  Lagrange^ 
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we  have  never  any  occasion  to  recur  to  it  again ;  we  have  learned 
the  whole,  and  never  can  forget  it.  In  this  generality  of  his 
views  be  rises  above  Euler.  Euler,  indeed,  possesses  other 
advantages  :  in  the  immense  variety  of  his  works  he  lays  open^ 
multitude  of  extraordinary  means,  and  a  fertility  of  invention, 
which  nothing  can  stop.  Mathematicians,  by  reading  him,  learn 
all  the  secrets  of  the  science  of  mathematics;  but  M.  de  Lagrange 
alone  can  offer  them  the  model  of  that  perfection,  almost  ideal, 
which  we  ought  to  endeavour  to  attain.  • 

Notwithstanding  what  we  have  said,  we  should  leave  a  veiy 
imperfect  character  of  Lagrange,  if  we  did .  not  notice  his  wit 
He  possessed  it  in  such  perfection  that  it  alone  woul4  have  raised 
the  reputation  of  any  other  person  but  M.  de  Lagrange.  What  a 
turn  of  thinking  must  he  have  had,  who,  by  way  of  relaxation 
from  the  most  abstract  studies,  made  choice  of  the  history  of 
religion  and  of  medicine !  It  is  true  that  in  consequence  of  this 
investigation  he  lost  all  confidence  in  medicine ;  but  this  scep- 
ticism was  so  simple  and  tolerant,  that  if  it  was  an  error  it  was 
impossible  not  to  forgive  it«  This  philosopher,  who  knew  so 
many  things,  was  exceedingly  ready  to  acknowledge  his  igno- 
rance. These' simple  words,  /  do  not  knowy  were  his  favourite 
expression.  He  generally  began  and  finished  in  this  manner  the 
statement  of  his  doubts.  He  was  not  apt  to  be  satisfied  with 
words,  nor  to  stop  at  the  surface  of  things.  He  deprived  opinions 
and  things  of  the  envelope  with  which  they  are  usually  covered ; 
and  when  he  had  thus  exposed  them  naked,  he  gave  his  thoughts 
respecting  them,  usually  in  an  original  and  lively  manner,  as 
remarkable  for  depth  of  sense  as  for  fineness  of  expression. 
Many  of  his  sayings  are  well  known.  One  of  his  friends  was 
speaking  to  him  of  an  opinion  which,  alternately  adopted  ahdL 
rejected,  admitted  and  modified,  by  philosophers,  had  become  at 
last  a  popular  prejudice.  "  What  I ''  said  M.  de  Lagrange,  "  are 
you  astonished  at  that?  It  is  the  very  thing  which  always 
nappens.  Prejudices  are  notliing  else  than  the  cast  clothes  of 
philosophers,  in  which  the  rabble  dress  themselves."  We  state 
this  anecdote  because  it  points  out  well  the  nature  of  his  obser- 
vations. 

Though  his  figure  was  good,  he  would  never  permit  his  portrait 
to  be  drawn. .  He  thought  that  the  productions  of  the  mind 
were  alone  entitled  to  survive.  If  his  face  remains  unknown,  the 
remembrance  of  his  genius  will  las(  as  long  as  civilization  conti^ 
(lues  to  dwell  upon  earth. 
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^ttrther  Observations  and  Experiments  on  the  comhinatioris  qjT 
Oxymuriatic  Acid  with  Lime.    By  John  Dalton. 

4  In  my  essay  on  the  oxymuriate  of  lime  (inserted  in  Vol.  I^ 
No.  I.  of  the  Annals),  I  gave  my  opinion  that  the  muriate  of 
lime  found  in  the  oxymuriate  of  commerce  was  accidental^  and 
jpot .  essential  to  the  salt.  I  have  lately  been  favoured  vtrith  a 
specimen  of  oxymuriate  of  lime,  immediately  after  its  forma- 
tion, by  Dr.  Henry.  Oxymuriatic  acid  gas  was  passed  through 
a  vessel  containing  a  portion  of  water  into  another  vessel  con-» 
taining  hydrate  of  lime,  in  the  proportion  of  three  parts  lime  to 
one  of  water  nearly ;  tliis  was  continued  till  the  hydrate  was 
saturated.  On  the  oxymuriate  thus  prepared  1  made  a  few 
e^iperiments,  which  afforded  me  additional  and  satisfactory  infor- 
jnation  on  the  subject ;  particularly  as  they  confirm  the  opinion 
that  muriate  of  lime  is  not  essentisd  to  the  constitution  of  the 
oxymuriate. 

Exper,  1. — ^To  lOO  grains  of  the  salt  were  added  1000  grains 
of  water;  after  due  agitation  and  filtration,  a  liquid  was  ob- 
tained of  the  sp.  gr.  1*041 ;  a  residuum  of  21  grains,  dried  in 
100,  was  also  obtained^  this,  treated  with  test  nitric  acid,  indi- 
cates 16  grains  of  lime.  One(-finh  of  the  former  liquid  (1*04 1) 
was  treated  with  test  carbonate  of  soda,  and  bpiled ;  it  threw 
4own  8  grains  of  carbonate  of  lime,  equal  to  4*5  of  lime. 
Hence  the  whole  solution  contained  22  grains  of  lime,  of  which 
2  grains  must  have  existed  in  the  solution,  as  in  lime-water,  and 
have  been  borrowed  of  the  precipitated  lime.  It  appears,  then, 
that  2p  graips  of  lime  were  held  in  solution  by  acid,  and  1 8 
precipitated,  of  which  2  were  again  taken  up  by  the  water  of 
the  solution.  The  total  lime,  th^,  in  100  grains  of  the  dry 
oxymuriate  was  38  grains.  This  was  confirmed  by  treating  20 
grains  of  the  dry  salt  with  sulphuric  acid,  by  which  18^-  grains 
of  sulphate  of  lime  were  obtained,  which  correspond  to  38^ 
grains  per  cent,  of  lime. 

Thus,  then,  it  appears,  tliat  the  above  sp^cimep  gives  nearly 
the  same  total  of  lime  as  that  analysed  in  my  former  paper ;  but 
it  contains  more  soluble  matter^  as  is  shewn  by  the  greater  sp. 
gr.  of  the  solution. 

Exper.  2. — It  was  found  that  100  measures  of  the  solution^i 
r041,  required  56  of  test  green  sulphate  of  iron  (1*149)  to 
annihilate  thp  oxymuriatic  acid.  The  calculation  from  this  being 
made  as  in  my  former,  gives  23  grains  of  oxymuriatic  acid  it\ 
^100  of  the  dry  salt.  This  ^cid  would  be  in  combination  with 
)9  grains  of  lime ;  but  from  the  preceding  experiment  it  seemi^ 
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there  were  20  grains  of  lime  in  solution.  This  smaB  diSerence 
arises,  perhaps,  from  the  ertors  of  the  proportions ;  or,  (lerh^ps^ 
from  the  liquid  containing  a  very  small  portion  of  muriate  of 
lime.  This  last  idea  was  tried  by  saturating  one*fifth  of  th^ 
liquid  (1-041)  by  test  muriatic  acid,  and  expelling  the  oxymu- 
riatic acid,  as  related  in  my  former  paper ;  but  it  was  found  that 
the  lime  required  as  much  acid  as  was  sufficient  to  saturate  it,  or 
so  nearly  that  quantity  that  the  difference  was  scarcely  appr6- 
ciable. 

Since  the  former  essay  was  written,  I  have  found  anotb^t 
method  of  determining  the  quantity  of  oxymuriatic  acid  in  afiy 
i^cimen  of  oxymuriate;  it  is  to  dissolve  a  known  weight  of  the 
oxymuriatc  in  a  small  portion  of  water;  then -put  the  liquid  into 
a  graduated  tube  over  mercury,  and  discharge  the  gas  by  nh 
acid ;  it  may  thus  be  mea^red,  and  the  quantity  retained  by  the 
liquid  may  be  estimated  at  twice  the  bulk  of  the  liquid  nearly. 
[See  New  System  of  Chemical  Philosophy y  p\  298.]  Three 
grains  of  the  dry  oxymuriate  above  give,  when  dissolved  in 
80  of  water,  and  20  grains  of  dilute  acid  are  added,  170  mea- 
sures of  gas  over  50  of  watery  solution,  which  last  may  be  pre- 
sumed to  retain  90  more.  Hence  the  total  gas  may  be  estimated 
at  260  measures,  which,  of  the  sp.  gr.  2*34,  would  give  '72 
grain  for  S,  equal  to  24  per  cent,  of  acid  in  the  isah«  The  gas, 
I  find,  may  be  kept  in  the  tube  under  these  circumstances  for  & 
week,  without  losing  more  than  40  or  50  measures  of  its  volume; 
so  that  its  combination  with  mercury  is  slow,  if  not  agitated. 
Upon  the  whole,  however,  I  prefer  the  green  sulphate  test  for 
precision. 

As  nothing  was  in  the  salt  but  oxymuriatic  acid,  lime,  and 
water,  we  have  its  constitution  as  under: — 

23  oxym.acid 
38  lime 
S9  water 


100 


But  as  the  hydrate  of  lime  at  first  had  a  minimum  of  water, 
which  is  known  to  be  ^  of  its  weight,  it  could  only  be  13  grains : 
whence,  then,  were  derived  the  other  26  grains  of  water  ?  This 
is  an  important  question }  especially  as  the  specimen  in  my 
former  paper  was  found  to  contain  an  eqtal,  or  greater,  quantity 
of  water  (42)  per  cent. 

Exper,  3. — Suspecting  that  more  water  was  found  in  the 
oxymuriate  of  lime  than  was  essential  to  its  existence,  I  at- 
tempted to  distil  the  surplus  water  off  by  a  gentle  heat.  A  small 
portion  of  the  salt  was  put  into  one  end  of  a  glass  tube,  and  a 
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gentle  heat  applied ;  water  so<m  dropped  from  the  cool  end ;  it 
smelled  strongly  of  the  aqid.  The  dry  salt  was  then  examined ; 
it  proved  tp  be  lime  and  muriate  of  lime,  with  scarcely  any 
Jrace  of  oxymuriatic  acid- 

From  this  experiment  it  would  seem  probable  that  the  excess 
pi  water  b  necessary  to  the  constitution  of  the  salt.  If  so,  the 
manufacturers  of  the  article  will  find  it  most  conducive  to  their 
object  not  tp  use  dry  hydrate  of  lime  with  a  minimum  of  water, 
but  lime  that  contains  its  ()wn  weight  of  water,  or  what  I  should 
pall  a  trikydrate^  that  is,  1  atom  of  lime  combined  with  3  of 
water. 

Referring  now  to  the  atomic  system,  in  order  to  have  a  clear 
view  of  these  compounds  of  oxymuriatic  acid  and  lime,  it  ap- 
pears that  the  dry  oxymuriate  of  lime,  or,  as  it  should  be  called, 
hyperoxymuriatey  consists  of  1  atom  of  acid,  2  of  lime,  and  6  of 
^ater;  namely; — 

1  of  oxym.  acid 29    or     2S'2 

2  of  lime    '. 48  38-4 

6  of  water 48  38-4 

125  100 

When  the  salt  is  dissolved  in  water,  one-half  of  the  lime  is 
precipitated,  and  the  liquid  contains  a  solution  of  oxymuriate 
of  lime ;  the  proportions  of  the  elements  of  acid  and  base  beings 
then, 

1  atom  of  acid  .., 29    or     54*7 

1  jftom  of  lime '24  45-3 

53  JOO 

When  the  liquid  solution  has  a  current  of  oxymuriatic  acid 
gas  sent  through  it  till  it  becomes  saturated,  then  the  liquid 
contains  a  solution  of  hyperoxymuriate  of  lime;  the  proportions 
of  the  elements  being,  then, 

2  atoms  of  acid   58    or      70*7 

1  atoin  of  lime 24  29-3 

82  100 

N.  B.  The  last  ter.ni  is  not  v»sed  here  in  th^  same  sense  as  is 
now  ordinarily  received*;  it  will  probably  be  found  expedient 
hereafter  to  designate  such  compounds  as  are  now  called  kyper^ 
pxymuriates  by  a  different  name. 
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Description  of  a  Resinous  Substance  lately  dug  out  of  the  Earth 
at  Highgate.    By  Thomas  Thomson,  M.D.  F.R.S. 

During  the  late  attempt  to  make  a  tunnel  through  Higfa^- 
gate-hiU,  in  the  neighhourhood  of  London,  a  veiy  considerable 
number  of  curious  fossils  were  discovered.  The  beds  dug 
through  consisted  partly  of  gravel  and  partly  of  clay.  The 
number  of  shells  thrown  out,  and  the  round  masses  of  lime^ 
stone,  could  not  escape  the  most  careless  observer ;  but  one  of 
the  most  remarkable  substances  detected  was  a  resinous  body,  in 
shapeless  masses  of  various  sizes.  Mr.  Sowerby  had  the  good- 
ness to  send  me  some  specimens  of  this  curious  substance ;  aiid 
as  I  am  not  aware  that  any  account  of  it  has  hitherto  been  pub- 
lished, I  conceive  that  the  following  observations  which  I  made 
upon  the  specimen  that  I  received  will  prove  acceptable  to  my 
chemical  and  mineralogical  readers. 

I.  The  colour  of  Highgate  resin  is  of  a  dirty  yellowish  light 
brown.  It  is  semitransparent.  Its  lustre  is  resinous,  and  its 
surface  smooth ;  though  not  perfectly  so;  but  having  the  appear- 
ance of  having  been  rubbed,  as  would  have  happened  had  it 
been  mixed  with  gravel  upon  the  margin  of  the  sea-shore,  or  a 
lake. — Brittle ;  not  so  easily  broken  as  conimon  resin  ;  but  much 
more  so  than  copal:  softer  than  copal;  has  a  resinous  and 
aromatic  smell,  especially  when  heated ;  this  smell  is  peculiar, 
though  it  has  some  faint  resemblance  to  the  smell  of  camfdior. 

II.  Its  specific  gravity  at  the  temperature  of  60°  is  i'046. 
This  agrees  almost  exactly  with  the  specific  gravity  of  copal  as 
determined  by  Brisson;  but  on  trying  the  specific  gravity  of 
copal,  I  found  it  1*069.  Hence  either  copal  differs  considerably 
in  its  specific  gravity,  or  the  resin  called  copal  by  Brisson  was 
not  the  same  to  which  we  give  that  name  in  Brita^in. 

III.  When  heated  it  melts,  and  may  be  rendered  as  liquidjw 
water  without  alteration  in  its  colour.  It  catches  fire  at  the  flame 
of  a  candle,  and  burns  with  a  clear  yellow  flame,  and  emitting 
abundance  of  smoke,  as  is  the  case  with  other  resitis^  At  the 
same  time  it  emits  a  strong  aromatic  odour. 

IV.  When  in  lumps  it  is  insoluble  in  all  the  reagents  I  tried, 
namely,  water,  alcohol,  potash  ley,  acetic  acid;  except  ether, 
nitric  acid,  and  sulphuric  acid,  which  act  upon  it  more  or  less. 

Ether  renders  it  opake,  and  white,  and  quite  tender ;  so  that 
it  haslost  its  cohesion,  and  crumbles  into  powder  upon  the  least 
pressure  between  the  fingers.  The  ether  at  the  same  time  disr 
§olves  a  portion  of  it  which  it  deposites,  and  becomes  milky 
when  agitated  with  water. 
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Nitric  acid  acts  upon  it  slowly  when  assisted  by  heat,  and 
partly  dissolves  it,  and  partly  converts  it  into  a  red  coloured 
substance.  The  acid  itself  becomes  red,  and  when  diluted  with 
water  lets  the  resin  again  fall  in  white  flocks.  These  flocks  when 
dry  are  in  the  state  of  a  light  yellow  coloured  powder,  having  a 
bitter  taste.  I  could  not  dissolve  it  in  water ;  but  it  dissolved  in 
alcohol,  at  least  as  easily  as  the  unaltered  resin. 

Sulphuric  acid  readily  chars  this  resinous  body  when  assisted 
by  heat. 

V.  When  reduced  to  the  state  of  a  fine  powder  alcohol 
readily  dissolves  a  small  portion  of  it,  and  lets  it  fall  again  when 
mixed  with  water ;  but  alcohol  is  a  bad  solvent  of  this  resin- 
ous body.    The  same  observations  apply  to  ether. 

VI.  I  cannot  find  that  either  potash  or  subcarbonate  of  potash 
dissolve  this  resin,  though  boiled  with  it  for  sonne  time  in  the 
state  of  powder.  This  is  the  property  which  distinguishes  Highgate 

'  resin  from  every  other  with  which  I  am  acquainted.  Even 
amber  is  partially  acted  upon  by  alkaline  leys,  and  tinges  them 
yellow  very  speedily. 

VII.  Nor  do  1  find  that  acetic  acid  dissolves  any  perceptible 
portion  of  this  resin  after  a  week's  digestion  in  it,  when  in  the 
state  of  a  fine  powder.  I  even  triturated  them  together  for  a 
considerable  time  in  a  itiortar,  and  then  boiled  them  in  a  glass 
tube,  but  no  solution  was  effected.  Here,  again,  another  cha- 
racter which  Mr.  Hatchett  has  assigned  to  the  resinous  bodies 
fails  when  applied  to  the  Highgate  resin. 

VIII.  I  have  not  tried  the  action  of  oils  upon  Highgate  resin; 
but  from  the  properties  above  described  I  conceive  there  is  reason 
to  presume  that,  IHce  copal,  it  will  not  dissolve  in  any  of  them. 

IX.  It  burns  all  away  before  the  blow-pipe  upon  a  piece  of 
metal  without  leaving  any  perceptible  ash  behind  it,  when  we 
make  choice  of  pieces  quite  free  from  any  earthy  matter  attached 
to  them. 

Such  are  the  properties  of  this  substance,  as  iar  as  I  have 
examined  them.  They  are  sufficient,  I  think,  to  distinguish  it 
from  all  the  vegetable  substances  hitherto  observed.  It  approaches 
Dearest  to  copal  and  amber ;  but  is  distinguished  from  the  first 
by  its  solution  in  alcohol,  and  its  non-solution  in  potash  ley ; 
from  the  second,  by  its  readily  melting  when  heated,  and  by  it& 
melting  without  any  perceptible  change  of  its  properties,  TTius 
the  chemical  properties  of  this  singular  substance  throw  no  light 
upon  the  source  from  which  it  was  derived;  and  cannot,  there, 
fore,  facilitate  our  inquiries  into  the  revolutions  which  the 
southern  part  of  this  kingdom  has  undergone,  and  the  various 
,  imimal  and  vegetable  remaios  so  thickly  scattered  m  its  bow^ls^ 
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Articlb  iV. 
On  a  new  Variety  of  Ulmin.  By  Thomas  Thomson,  MJ3.  F.R.S. 

Thb  experiments  detailed  in  the  first  nuhiber  of  these  Annals 
upon  the  ulmin  from  the  elm  show  us  that  it  is  a  peculiar 
vegetable  principle,  distinguished  by  the  following  properties : — 

1 .  Of  a  dark  brown  colour,  and  little  taste. 

2.  Soluble  in  water,  but  insoluble  in  alcohol  and  ether, 
S.  Ndt  precipitated  by  solution  of  gelatine. 

4.  Precipitated  brown  by  iron,  tin,  mercury,  and  lead,  \vlicn 
these  metals  are  in  the  state  of  saline  solutions. 

5.  Precipitated  by  acids. 

6.  Swells  greatly  when  heated,  as  is  the  case  with  gum,  but 
does  not  melt. 

These  cha;*acters  do  not  apply  to  any  other  vegetable  principle 
at  present  known.  Hence  it  is  obvious  that  we  must  constitute 
this  substance  a  new  vegetable  principle.  Some  chemists  kte 
inclined  to  refer  ulmin  to  extractive ;  but  it  is  high  time  to  render 
that  very  indefinite  class  of  vegetable  substances  somewhat  mofe 
precise.  Nobody  has  ever  examined  extractive  in  a  state  of 
purity.  Hence  its  properties  are  unknown,  and  it  has  b6en 
customary  to  refer  to  that  class  all  substances  which  could  dot  be 
referred  to  any  other.  It  constitutes  a  kind  of  sink,*  or  common 
sewer,  in  vegetable  chemistry ;  but  such  an  indefinite  mode  of 
proceeding  is  tiighly  injurious  to  the  progress  of  this  branch  of  tlie 
science.  If  we  wish  to  make  ourselves  accurately  acquainted  with 
the  vegetable  kingdom,  we  must  distinguish  every  substance  which 
possesses  peculiar  properties  by  a  peculiar  name.  No  risk  of 
error  results  from  multiplying  the  number  of  vegetable  prin- 
ciples :  the  error  into  whicn  we  are  most  likely  to  run  is  classing 
the  most  dissimilar  substances  under  the  same  name;  thus 
enabling  us  to  satisfy  ourselves  and  others  with  giving  a  substance 
a  name  without  being  in  the  least  aware  of  its  distinguishing 
characters.  What,  for  example,  could  be  more  preposterous 
than  to  give  the  same  name  to  vegetable  substances,  some  of 
which  are  soluble,  and  some  insoluble,  in  alcohol  ?  Yet  this 
has  been  proposed  by  some  of  the  most  eminent  chemists,  both 
in  this  country  and  on  the  continent. 

Now  that  the  vegetable  principle  which  constitutes  the  subject 
of  this  article  has  been  distinguished  by  a  name,  and  that  the 
attention  of  men  of  science  and  observation  has  been  turned  to 
it,  we  may  expect  to  find  different  species  of  it  exuding  from 
different  species  of  trees  besides  the  elm.  The  variety  which  I 
am  going  to  describe  is  an  example  of  this.  I  got  it  from  Mr. 
Sowerby,  whg  informed  me  that  he  collected  it  frow  the  oak. 
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It  possesses  the  following  properties,  which  distinguisli  it  from 
the  ulmin  of  the  elm : — 

1.  Its  colour  is  a  very  dark  brown,  almost  black,  and  it  leaves 
a  chocolate  coloured  stain  on  paper.    It  reac^y  crumbles  to 

E)wdcr  between  the  fingers.    Lustre,  resinous.    Taste,  more 
tringent  than  the  ulmin  from  the  elm,  and  inclining  to  bitter. 

2.  Dissolves  readily  in  water.  The  colour  of  the  solution  is 
dark  brown,  and  so  intense  as  to  be  opake.  When  left  td  spon- 
taneous evaporation  upon  a  watch-glass  the  ulmin  remains, 
divided  into  a  great  number  of  minute  portions  by  sections, 
which  issue  in  rays  from  the  centre^  and  the  ulmin  adheres  but 
weakly  to  the  glass. 

3.  Insoluble  in  alcohol  and  ether.  i 

4.  When  the  aqueous  solution  is  dropped  into  alcohol  of  the 
specific  gravity  0*809,  brown  flocks  precipitate,  but  the  alcohol 
retains  a  brown  colour,  and  of  course  a  portion  of  the  ulmin 
remains  in  solution. 

^  5.  The  aqueous  solution  is  not  precipitated  by  the  solution  of 
gelatine  in  water. 

6.  Some  of  the  preoipitates  which  the  aqueous  solution  of 
this  variety  of  ulmin  forms  with  the  metalline  salts  differ  in 
colour  from  the  precipitates  formed  by  the  ulmin  from  the  elm. 
The  following  were  the  metalline  salts  tried  : — 

(1.)  Sulphate  of  iron  is  thrown  down  dark  green,  and  the 
colour  is  permanent^  though  the  liquid  be  left  24  hours  in  an 
open  glass. 

(2.)  Sulphate  of  copper  is  precipitated  also  green. 

(3.)  Sulphate  of  zinc  is  precipitated  brown,  and  the  colour  of 
the  precipitate  speedily  deepens,  and  becomes  at  last  a  dirty 
black. 

(4.)  Nitrate  of  silver  is  precipitated  In  brown  flocks. 

(5.)  Acetate  of  lead  is  precipitated  in  brown  flocks. 

7*  I'he  aqueous  solution  is  precipitated  in  brown  flocks  by  a 
few  drops  of  nitric  acid.  This  solution  being  evaporated  to 
dryness  in  a  watch-glass,  a  yellow  tasteless  powder  remained, 
insoluble  in  alcohol,  but  soluble  in  water.  This  powder  wa? 
charred  at  a  very  moderate  heat  j  owing  probably  to  the  action 
of  the  nitric  acid  which  it  still  retained. 

Acetic  acid  does  not  precipitate  this  variety  of  ulmin  from 
water.   * 

8.  Neither  potash,  carbonate  of  potash^  nor  ammonia^  pre* 
cipitate  it  from  water. 

9.  When  exposed  to  heat  It  swells  up  like  gum,  and  readily 
burns  away  before  the  blow-pipe,  leaving  behind  it  a  minute 
portion  of  white  matter,  which  did  not  melt  by  tb^  continuation 
of  the  beat.    This  matter  dissolved  with  effervescence  in  nitric 

Ij   except  some  hardly  perceptible  flocks,  which  had  th^ 
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aspect  of  silica,  but  were  too  minute  to  be  subjected  to  a  che- 
mical examination.  The  addition  of  ammonia  to  the  nitric  acid 
solution  occasions  the  separation  of  a  few  flocks^  which  redissolve 
by  agitation.  Carbonate  of  potash  occasions  a  more  copious 
precipitate.  Hence  it  would  appear  that  the  ash  consists  of 
carbonate  of  lime,  with  some  traces  of  magnesia  and  silica. 

This  variety  of  ulmin  resembles  the  bitter  principle  from 
cofiee  described  by  Chenevix,  and  the  tannin  of  Kino,  in  strikipg 
a  green  colour  with  sulphate  of  iron.  Its  effect  upon  sulphate 
of  zinc  I  consider  as  its  most  remarkable  property.  Zinc  is 
usually  precipitated  of  a  white  colour*  from  its  solutionis;  but  the 
ulmin  of  die  oak  throws  it  down  almost  black. 

The  appearance  of  the  ulmin  of  the  oak,  its  taste,  and  the 
tree  from  which  it  was  obtained,  led  me  to  expect  that  it  would 
contain  tannin  ;  but  if  not  forming  a  precipitate  with  gelatine 
be  characteristic  of  the  absence  of  that  principle,  as  we  consider 
it  at  present,  we  must  conclude  that  the  ulmin  of  the  oak  con- 
tains no  tannin  whatever. 

Mr.  Sowerby  likewise  collected  ulmin  from  the  hornbeam; 
but  as  he  unfortunately  mixed  it  with  ulmin  from  the  elm,  it 
was  not  possible  to  determine  its  peculiar  characters.  I  mention 
the  circumstance  to  induce  such  of  my  readers  as  are  interested 
in  the  progress  of  vegetable  chemistry,  and  have  an  opportunity 
of  examining  the  trunks  of  trees,  to  look  for  exudations  from 
them,  that  we  may  have  information  as  speedily  as  possible  of 
the  various  trees  that  yield  this  hitherto  neglected  vegetable 
principle. 


Article  V. 

On  Sir  H.  Davy's  Theory  ofChlorlnej  and  its  Compounds.*  By 
Mr.  William  Henderson,  Member  of  the  Royal  Medicd 
Society  of  Edinburgh. 

Thb  reasons  which  may  be  alleged  in  proof  of  the  simple 
nature  of  oxymuriatic  gas  seem  easily  reducible  to  four  heads,. 
viz. : — 

I.  It  is  converted  into  muriatic  acid  by  union  with  hydrogen  ; 
and  this  change  is  unaccompanied  by  the  evolution  of  any 
aqueous  vapour. 

II.  The  products  of  its  action  on  xjombustibles,  and  on 
ihetals,  differ  essentially  from  those  which  arise  from  the  action 
of  oxygen  on  the  same  bodies. 

«  This  es!ay  was  honoured  with  the  prize  medal  of  the  Medical  jSociety  of 
Bdioboi^h  for  1818, 
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ilL  It  cannot,  when  perfectly  dry,  b^  made  to  act  on,  oi* 
unite  with,  charcoal. 

IV.  In  most,  if  not  in  all  cases  of  its  evolution,  a  portion  of 
water  is  formed. 

Each  of  these  will  be  the  subject  of  separate  examination. 

I.  Of  the  conversion  of  Oxymuriatic  Gas  into  Muriatic  Acid,  by 

the  action  of  Hydro^. 

It  is  stated  in  Dr.  Thomson's  System  of  Chemistry,*  that 
water  is  an  essential  ingredient  of  muriatic  acid ;    and  that, 
hitherto,  all  attempts  to  procure  it  in  an  insulated  elastic  form  have 
failed.     M.  Berthollet  remarks,  that,  after  having  been  exposed 
to  a  cold  equal  to  10^  of  Fahrenheit's  scale,  tlie  proportion  of 
real  ac|d  was  to  the  water  as  26*6  to  34*9. f    This  proportion,  as 
Dr.  T.  observes,  is  probably  excessive;  but  it  must  be  notedly 
that  the  means  employed  by  Berthollet  were  not  adequate  to  the 
condensation  of  water  held  in  the  elastic  form  by  an  affinity  so- 
powerful  as  that  between  the  muriatic  acid  and  its  water  appears 
to  be.    Dr.  Thomson  considers  the  proportion  of  25  per  cent, 
given  by  M.  M.  Gay-Lussac  and  Thenard  %,  as  being  probably; 
near  the  truth.     Mr.  Dalton  is,  however,  inclined  to  believe 
that  muriatic  acid  gas  contains  no  aqueous  vapour ;  and  the  rea- 
soning employed  by  him  is  to  the  following  effect.  §    If  oxygen, 
hydrogen,  nitrogen,  or  any  of  the  other  gases  which  are  not 
rekdily,  and  in  considerable  quantity,  absorbed  by  water,    be 
brought  into  contact  with  that  fluid,  the  vaporific  force  of  the 
heat  to  which  they  may  be  exposed  will  raise  a  portion  of  it  into 
the  interstices  of  their  particles  ;  but  if  jluoric,  muriatic,  sul- 
phuric, or  nitric  acid,  in  the  state  of  gas,  be  placed  in  similar 
circumstances,    an  attraction  is  exerted  between  it  and  the 
water;  in  consequence  of  which  the  acid  assumes  the  liquid 
form.    **  Hence,"   adds  Mr.  Dalton,   "  it  should  seem  that 
these  acid  gases,  so  far  from  obstinately  retaining  their  vapour, 
as  is  commonly  imagined,  cannot  be  induced  to  admit  any  vapour 
at  all,    in  ordinary  circumstances."      This  reasoning  is  very 
plausible,  and  certainly  highly  ingenious  ;  but  it  seems  to  me 
not  unobjectionable.    The  gas  experimented  on  by  Mr.  Daltpn 
was  of  necessity  previously  saturated  with  aqueous  vapour ;  and, 
therefore,  could  not  admit  into  its  constitution  an  Nadditional 
quantity.    No  one  would  hazard  the  assertion  that  muriate  of 
lime  contains  no  water  of  crystallization,  assigning  as  a  reason, 
that,  if  a  very  sipall  portion  of  water  be  added  to  the  crystals  of 
this  saU  they  assume  the  liquid  form.     YjCt  it  appears  to  n^e 

♦  Vol.  ▼.  p.  778. 

t  Troiti2aie  Suite  det  lUcberches  sur  les  Lois  de  TAffimte,  p,  105,  l:c, 

JPhyticooChiniqiies,  tome  ii.  p.  119,  1^. 

,4^  GbHOicatriinosophy,  p«  $82. 
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that  this  assertion  and  proof  would  be  exactly  analogous  to  those 
offered  by  Mr.  Dalton. 

Since,  then,  unless  we  adopt  the  recent  views  of  Sir  H. 
Davy,  his  experiments,*  in  conjunction  with  those  of  Dr. 
Henry,  t  M.  M.  Gay-Lussac  and  Thenard,!  M.  Berthollet,§ 
Mr.  Murray,  ||  and  Dr.  Bostock,**  may  be  looked  on  as  proving 
satisfactorily  the  existence  of  water  in  muriatic  acid  gas;  let  us 
ekamine  the  relation,  in  regard  to  quantity,  subsisting  between 
it  and  the  oxygen,  which  oxymuriatic  gas  used  to  be  supposed 
to  contain. 

According  to  the  analysis  of  C!henevix,tt  oxymuriatic  gas 
consists  of  77'^  of  muriatic  acid,  united  to  22*5  of  oxygen  by 
weight.  If  to*  this  compound  a  quantity  of  hydrogen  be  added, 
and  if  the  mixture  be  then  exposed  to  the  sun's  light,  muriatic 
acid  is  produced.  In  Mr.  Dalton's  detail  of  his  experiments  on 
this  subject  (which  are  by  far  the  most  complete  set  that  have 
fidlen  under  my  notice),  he  mentions  that  he  always  employed  a 
quantity  of  water  to  condense  the  residual  muriatic  acid :  he 
could  not,  of  course,  easily  ascertain  whether  or  not  any  water 
was  evolved  along  with  the  acid.  By  calculation,  I  am  led  to 
believe  there  was  not :  for  22'6  of  oxygen  are  capable  of  form- 
ing,, by  union  with  3*76479  of  hydrogen,  a  quantity  of  water 
equal  to  26' 26479,  which  approaches  singularly  near  to  the 
estimate  of  M.  M.  Gay-Lussac  and  Thenard ;  and  whick  may 
acquire  some  additional  probability  from  the  circumstance  that 
all  others  who  have  experimented  on  the  quantity  of  water  in 
this  gas,  have  stated  it  as  being  greater  than  that  which  is 
assigned  by  these  chemists.  XX 

Let  us  pursue  the  subject  a  little  farther.  Mr.  Dalton,  speak- 
ing of  the  quantity  of  hydrogen  necessary  to  decompose  oxymu- 
riatic gas,  says,  "  From  the  mean  of  five  experimehts,  I  am 
induced  to  conclude,  that  100  measures  of  hydrogen  require  94 
measures  of  oxymuriatic  acid  gas.  In  every  one  of  the  experi- 
ments the  acid  was  less  than  the  hydrogen.'' §§  I  have  already 
stated' that  3'7b*479  of  hydrogen  are  sufficient  to  unite  with  the 
oxygen  which  100  of  oxymuriatic  gas  has  been  thought  to 
contain.    Now  3*76479  grs.  of  hydrogen  occupy,  accordiogto 

♦  Phil.  Trans.  1809,  p.  92,  458. 

f  NichoIson^s  JAurnal,  4to.  vol.  It.  p.  S4T. 

f  Recb.  Phys.  Chim.  tome  ii.  p.  94,  &c. 

^  Journal  de  Phyviqne,  tome  Ixiv.  p.  196. 

I  Nicho|ion*8  Journal,  vol.  xxxi.  p^l23,  &c. 

**  Nicli(il!ion\  Journal,  vol.  xxxii. 

+  f  Sep  TnoinsonV  Syst.  vol.  ii.  p.  257. 

J  J  It  roav  not  be  unworthy  of  notice  that  1  cubic  inch  pf  bydrogen,  by 
■nion  with  very  n<*arly  2  inches  of  oxygen,  forms  a  quantity  of  water,  whose 
we'gbt  is  to  that  of  Uie  real  muriatic  acid  coDtained  in  2  inches  of  the  acidl 
gas,  as  26  fo  100. 

^^  New  Syit«iD,  p.  307, 


16  On  Sir  H.  Davy^s  Theory  of  [Jult^ 

the  estimate  of  Kirwan,*  qearly  144*04  cubic  inches,  and  100 
grs.  of  oxy muriatic  gas,  as  appears  from  Mr.  Dalton's  experi- 
ments, f  are  equal  to  137*9  inches,  which,  being  reduced,  give 
a  proportional  bulk,  as  100  of  hydrogen  to  95*7  of  oxymu- 
riatic  gas.  Thus  we  see  that  Mr.  Dalton's  experiments  agree 
almost  exactly  .with  the  result  of  calculation ;  and  if  the 
hydrogen  he  employed  was  contaminated  by  the  slightest 
admixture  of  extraneous  matter,  the  quantity  of  oxymuriatic 
gas  condensed  by  it  must  of  course  have  been  proportionally 
lessened. 

Mr.  Dalton,  having  denied  the  existence  of  aqueous  vapour 
in  muriatic  acid  gas,  ascribes  the  appearance  of  hydrogen  during 
the  action  of  certain  bodies  op  that  gas  to  the  decomposition  of 
the. acid,  which  he  looks  on  as  a  quaternate  compound  of  oxygen 
and  hydrogen.  While,  however,  he  admits  the  feet  as  stated  by 
Sir  H.Davy,  J  that  "  when  potassium  was  heated  in  muriatic 
acid  gas  as  dry  as  it  could  be  obtained  by  common  chemical 
means,  the  gas  wholly  disappeared,  and  from  one-third  to  one- 
fourth  of  its  volume  of  hydrogen  was  evolved,  and  muriate  of 
potash  was  formed."  He  questions  the  accuracy  of  an  experi- 
ment detailed  in  the  Bakerian  lecture  for  1809,  by  which  this 
conclusion  was  established.  In  this  experiment  it  was  found  that 
8  grs.  of  potassium  absorbed  22  cubic  inches  of  muriatic  acid 
gas,^  and  gave  out  8  inches  of  hydrogen. 

Before  proceeding  to  examine  Mr.  Dalton's  reasoning  on  this 
experiment,  it  may  be  well  to  take  a  view  of  it,  unconnected 
with  his  speculations  on  the  nature  of  muriatic  acid. 

According  to  the  analysis  of  Sir  H.  Davy,§  8  grs.  of 
potassium  may  be  converted  into  potash,  by  union  with  about 
1*29152  grs.  of  oxygen.  In  order  to  furnish  this  oxygen,  if 
water  be  its  Source,  1*495934  grs.  of  that  fluid  must  suffer 
decomposition  ;  and  this  quantity  is  sufficient,  at  the  rate  of  25 
per  cent,  to  give  the  gaseous  form  to  5*983736  grs.  or  in  the 
proportion  of  26*26479  to  5*6459  grs.  only  of  muriatic  acid 
gas.  At  the  same  time  that  the  oxygen  of  this  water  is  absorbed 
by  the  potassium,  its  hydrogen,  amounting  to  '2044 14  of  a  gr. 
or  7*82297  inches,  must  be  set  at  liberty.  Thus  it  appears  that 
the  hydrogen  evolved  was  almost  exactly  equal  in  quantity  to  what 
could  be  afforded  by  a  portion  o^ water  sufficient  to  oxydate  the 
potassium  employed. 

The  experiment  appears,  however,  to  be  inaccurate,  with 
regard  to  the  absorption  of  the  22  inches  of  muriatic  acid  gas : 
for  9*29152  grs.  of  potash  are  capable  of  combining  with  the 
real  acid  contained  in  5*59055  grs.  of  muriatic  acid  gas,  which 

•  Eoay  on  Phlogiston,  p.  30.   '        +  New  System,  p.  297. 
}  PkU.  Tnnt.  1808,  p.  343.  S  Pbil.  Traai.  ISQS,  p«  28^ 
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tficasure  9*641375  cubic  inches  only.  And  if  we  suppose  that 
none  of  the  acid  condensed  in  conseq^uence  of  the  loss  pf  iti 
water  entered  into  union  with  the  potash,  and  thkt  the  acid  ithui 
employed  carried  all  its  Water  with  it,  we  have  only  in  addidoh 
to  this  quantity  either  5*983736  grs.  measuring  10*0062  inches^ 
cfr  5»6459  grs.  measuring  9*42625  inches,  making  in  all  a  con 
densation  of  either  19-643675  or  19*067625  inches.  But  it  is 
obviously  m6re  natural  to  suppose  that  the  acid  deprived  of  its 
elasticity  from  the  loss  of  its  water  afterwards  entered  into  union 
with  the  potash  :  in  which  case  the  results  of  the  experiment 
should  have  been  13*76396  grs.  of  muriate  of  potash,  an  evolu- 
tion of  7*82297  inches  of  hydrogen,  a  conden^tfon  of  1*328152 
grs.  of  an-hydrous  muriatic  acid,  and  nbt  le^  than  11*9977  cubid 
inches  of  residual  muriatic  add  gas. 

It  will  be  seen  by  a  reference  to  page  290  of  Mr.  Dalton^s 
urork,  that  he  infers  by  calculation  that  duririg  the  oxydation  of 
a  quantity  of  potassium  sufficient  whetijn  the  state  of  potash  to 
unite  with  22  inches  of  muriatic  acid  gas,  were  water  the  source 
oT  the  oxygen,  nearly  l6  inches  of  hydrogen  would  be  evolved ; . 
while  if  the  acid  gas  suffered  decomposition  8  inches  would 
appear.  Tlils,  however,  is  not  perfectly  accurate  :  for  the  quan- 
tity of  real  acid  contained  in  22  inches  of  the  gas  is  capable  ot 
combining  with  23*0872  grs.  of  potash,  and,  for  the  formation 
of  this,  2  81 75  grs.  of  Oxygen  are  requisite.  Now  this  quanlity 
of  oxygen  is,  in  the  state  of  watei*,  combined  with  not  lesis  than 
180444  inches  of  hydrogen.  On  the  other  hand,  if  Mr.  Dalton's 
view  of  the  nature  and  constitution  of  muriatic  acid  bie  correct, 
and  if  this  body  were  the  source  of  the  oxygen,  there  should 
have  been  an  evolution  of  6*0148  inches  only,  froni  the  a^yda- 
tion  of  20*2697  grs.  of  potassium.  If,  however,  the  22  inches 
of  muriatic  acid  gas  were  the  sole  source  of  the  oxygen,  16*917 
grs.  only  of  potassium  would  have  been  required  ;  and  the  evo- 
lution of  hydrogen  could  not  have  exceeded  4*3739  inches.  As, 
however,  the  quantity  of  oxygen  required  by  8  grs.  of  potassiuni 
IS  almost  exactly  sufficient  to  form  water  with  8  cubic  inches  of 
hydrogen,  and  as  it  is  certain  that  9*29152  grs.  of  potash  cannot 
form  muriate  of  potash  by  union  with  the  real  acid  of  22  cubic 
inches  of  muriatic  acid  gas,  is  it  not  better  to  argue  upon  a 
foundation  in  some  degree  known,  and  from  phenomena  con- 
sistent among  themselves,- than  to  build  speculations  on  a  part  of 
an  experiment,  which  is  almost  demonstrably  impossible  ? 

In  the  only  other  experiment  of  this  sort  detailed  by  Sir  H. 
Davy,  5  grs,  of  potassium  took  nearly  14  inches  of  muriatic 
acid  gas,  and  gave  about  5  inches  of  hydrogen :  5  grs.  of 
potassium  may  unite  with  '8072  of  a  grain  of  oxygen  ;  which  iii 
the  state  of  water  hold  in  union  *  13505  of  a  grain^  or  5*115 
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inches  of  hydrogen.  Now  -94225  of  a  grain  of  water  are 
capable  of  giving  the  gasegus  form  to  either  3*769  grs.  (mea- 
suring 6-3027  inches)  or  3*55609  grs.  (measuring  5*94564 
inches)  of  muriatic  acid  gas;  and  5*8072  grs.  of  potash  caii 
unite  with  the  real  acid  contained  in  2*9045  grs.  or  4*857  inches 
of  muriatic  acid  gas :  so  that  the  condensation  could  at  most 
amount  to  only  either  1M577j  or  10*80364  .inches.  If  the 
condensations  were  not  independent  of  each  other,  the  results 
ought  to  have  been  8*7117  grs.  of  muriate  of  potash,  5*1 15 
inches  of  hydrogen,  '8645  of  a  grain  of  an-hydrous  muriatic 
acid,  and  7*6973  inches  of  residual  muriatic  acid  gas. 

Mr.  Dalton  has,  in  a  subsequent  part  of  his  work,*  joined 
lyith  the  French  chemists  in  supposing  potassium  to  be  a  hydruret 
of  potash.  He  does  not,  however,  look  back  lo  the  reasoning 
in  page  290,  to  inquire  whether,  from  the  action  of  potassium 
on  muriatic  acid  gas,  so  much  hydrogen  be  evolved,  as  might, 
besides  the  quantity  ascribed  to  the  conversion  of  the  potassium 
into  potash,  leave  a  surplus  to  be  accounted  for  from  the  decom- 
position of  the  acid.  It  is  probable  that  there  is  not :  and  this 
probability  will  the  better  appear,  if,  for  an  instant,  we  admit 
the  truth  of  Mr.  D^lton's  atomic  theory.  In  every  binate  com- 
pound, the  weights  of  the  combined  elements  are  proportional 
to  those  of  their  atoms.  Mr.  Dalton  has  stated  the  weight  of 
the  atom  of  hydrogen  at  1 ,  dnd  that  of  potash  at  42;  of  course, 
that  of  hydruret  of  potash  must  be  43.  The  amount  of  the 
hydrogen  evolved  in  Sir  H.  Davy's  first  experiment,  should 
therefore  have  been  ^ij-  of  8  grs.  or  '1860465  of  a  grain;  a 
q[uantity  less  than  that  noted  by  Sir  H.  Davy,  by  -0183675  of  a 
grain,  or  about  *702  of  a  cubic  inch ;  and  falling  short  of  the 
result  of  calculation  on  the  data  of  the  experiment,  by  only 
*52477  of  a  cubic  inch.  It  is  almost  superfluous  to  say  that  this 
flight  discrepancy  is  not  to  be  wonderea  at,  in  an  investigation 
which  is  as  yet  only  in-  its  infancy.  Mr.  Dalton,  however,  says 
that  water  is  a  binate  compound  ;  therefore  if  8  grs.  of  potassium 
contain  as  many  particles  as  *204414  of  a  grain  of  nydrogen, 
and  if  the  number  of  particles  in  this  be  equal  to  that  contained 
in  1*29152  gr.  of  oxygen,  it  follows  that,  in  these  quantities  of 
oxygen  and  of  potassium,  there  exists  an  equal  number  of  par- 
ticles, and  potash  may  still  be  an  oxide  of  potassiutp.  The 
hydrogen  which  appeared  may  of  course  have  come  entirely 
from  the  water,  without  any  decomposition  of  the  aeid.  t 

♦  Page  484— 486. 
'ft  would  not  be  nnderstood  as  having;  any  reference  kere  to  Mr.  Mttrray^i 
views  of  the  nature  of  potassium;  but  merely  as  wgoini;  a^aiiut  Ut  beioipa^ 
liydraret  of  poUsb* 

^^T9  be  c^ntinutd,) 
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Article  VI. 

General  Flews  of  the  Composition  of  Animal  Fluids.  By  J; 
Berzelius,  M.D.  Professor  of  Chemistry  in,  the  College  of 
Medicine  at  Stockholm.'^ 

A  Having  related  to  my  friend  Dr.  Marcet  some  observations 
that  I  have  made  on  the  subject  of  animal  chemistry,  and  being 
invited  by  him  to  communicate  them  to  the  Medical  and  Chirur- 
gical  Society,  I  shall,  in  compliance  with  his  wish,  venture  to 
submit  to  the  Society  some  of  the  principal  results  that  I  hav^ 
obtained  at  different  periods,  prior  to  my  visit  to  this  country, 
respecting  the  fluids  of  animals.  Most  of  the^e  observaftions 
have  been  published  in  a  .more  unconnected  state  in  different 
works  in  the  Swedish  language ;  +  but  as  they  have  not  been 
translated  into  any  other  language,  and  as  they  have  appeared  to 
those  who  have  seen  them,  to  contain  some  new  views,  I  aiq 
induced  to  offer  them  to  the  Society,  in  the  hope  that  they  wil) 
be  received  with  indulgence. 

I.  Of  the  Blood. 

In  most  of  the  analytical  researches  on  blood,  that  of  the 
bullock  has  been  made  the  subject  of  experiment.  I  shall 
therefore  begin  with  the  analysis  of  the  blood  of  that  animal, 
and  afterwards  notice  the  essential  points  in  which  I  have  found 
it  to  differ  from  the  human. 

A.  Bullock^s  Blood. 

Blood  may  be  regarded  as  a  liquid  holding  a  colouring  matter 
suspended  in  it,  but  not  dissolved.  The  first  step  in  the  process 
of  accurate  analysis  should  therefore  be  to  separate  the  suspended 
ipatte(  by  filtration.  But  this  method  succeeds  only  to  a  certain 
degree,  and  requires  a  time  so  considerable,  that  the  blood 
undergoes  spontaneous  changes  of  composition  before  the  sepa^ 
ration  can  be  completed  :  for  notwithstanding  all  possible  care, 
the  colouring  matter  will  either  pass  through  with  the  fluid  por* 
tion,  or  by  adhering  in  masses,  prevent  all  further  percolation. 
Another  mode  is  that  of  allowing  it  to  subside  by  rest :  but  this 
also  goes  on  with  extreme  slowness  :  the  clear  supernatant  liquor 
loses  its  red  colour  but  very  gradually  5  and  the  colourless  portion 
is  not  capable  of  being  collected  alone.  The  usual  way  of 
obtaining  them  separate  is  to  take  advantage  of  the  coagulation 

*  From  tbe  third  ^volume  of  the  Medico-Chirurgical  Transactions,  latelj 
published. 

t  In  Ri]^  '<  Forelasningar  i  Djurkemien,  2  vol.  Stockh.  1808.  And  also  is 
A/ba|iii|is|J9r  i  Fynik^  K^mi  o^h  Mineralogie,  S  vol.  Stockholm,  1^10,'^ 
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of  the  blood,  during  which  the  fibrin  envelppiog  the  colouring 
substance  presses  out  the  serum.  This  method  is  indeed  but 
very  imperfect,  as  a  large  portion  of  the  serum  still  remains 
attached  to  the  red  globules  in  the  coagulum  ;  but  it  is  the  only 
one  that  we  can  employ. 

'  ,  I  shall  first  consider  the  crassamentum,  and  its  two  consti- 
tuent parts,  fibrin  and  colouring  matter. 

The  Chemical  Properties  of  Fibrin. 

Fibrin  is  insoluble  in  Cold  water.  In  boiling  water  it  curls 
tip,  and  after  the  ebullition  has  continued  some  hours,  the  water 
acquires  a  milky  hue,  but  no  gaseous  product  appears.  By  this 
operation  tibriii  undergoes  a  species  of  decomposition  ;  the  water 
in  which  it  is  boiled  affords,  by  the  addition  of  tannin,  a  preci- 
pitate of  white  and  distinct  flocculi,  which  do  not  cohere  toge- 
ther by  the  heat,  as  those  produced  by  gelatin.  The  evaporated 
liquid  does  not  gelatinise  to  whatever  degree  it  hiay  be  concen- 
trated, and  leaves  a  white,  dry,  hard,  and  friable  residue,  wliich 
n  soluble  in  cold  water,  and  has  an  agreeable  taste  similar  to 
fresh  broth,  and  totally  unlike  the  salt  and  acrid  flavour  of  the 
extract  from  muscles.  Fibrin,  by  long  boiling  in  water,  loses  its 
property  of  softening  and  dissolving  in  acetic  acid. 

2.  In  a/coAo/ of  specific  gravity  0*81  fibrin  undergoes  a  species 
of  decomposition,  and  forms  an  adipocirous  matter,  soluble  in 
alcohol,  and  precipitated  by  the  addition  of  water ;  having  often 
a  very  strong  and  unpleasant  odour.  The  alcoholic  solution 
leaves  on  evaporation  a  fat  residue,  which  did  iiot  pre-exist  in 
the  fibrin,  and  which,  as  we  shall  find,  is  likewise  formed  by 
the  action  of  alcohol  on  the  colouring  matter  and  on  the  albumen. 
Fibrin  heated  in  alcohol  retains  its  property  of  softening  and 
dissolving  in  acetic  acid. 

3.  By  the  action  of  ether  fibrin  is  converted  into  an  adipo- 
cirous mass  similar  to  the  preceding,  but  in  much  greater 
abundance,  and  having  a  much  stronger  and  more  disagreeable 
odour.  We  are  on  this  account  precluded  firom  employing 
generally  either  alcohol  or  ether  in  analytical  experiments  on 
animal  substances. 

4.  In  concentrated  acetic  acid^  fibrin  becomes  immediately 
soft,  transparent,  and  with  the  assistance  of  heat  is  converted 
mto  a  tremulous  jelly.  .  By  adding  water  and  warming  it,  this 
jelly  is  completely  dissolved,  with  the  evolution  of  a  small  quan- 
tity of  azotic  gas.  The  solution  is  colourless,  of  a  mawkish  and 
slightly  acid  taste.  During  its  evaporation  a  transparent  mem- 
brane appears  on  the  surface,  and  after  a  certain  degree  of 
apppoximation,  the  gelatinous  substance  is  again  re-produced : 
4»fit  this  gelatine  has  no  resemblance  to  that  formed  by  paste. 
'^^Vheav.coiDidetely  d^iccated  it  is  a  transparent  mass  which 
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reddens  turnsol  paper,  but  which  without  a  fresh  addition  of 
acetic  acid  is  insoluble  both  in  cold  and  boiling  water.  The 
solution  of  fibrin  in  acetic  acid  added  to  prussiate  of  potash  or  of 
ammonia,  gives  a  white  precipitate,  without  any  separation  of 
prussic  acid.  This  solution  will  also  produce  a  precipitate  by 
alkalies,  but  it  is  redissolyied  by  a  small  excess  of  the  latter.  ' 
Sulphuric,  nitric,  and  muriatic  acids  afford  likewise  a  precipitate 
with  this  solution  :  and  the  precipitate  is  composed,  as  we  shall 
presently  see,  of  fibrin  and  the  acid  employed.  If  the  precipi- 
tate be  laid  on  a  filter  and  washed,  a  certain  quantity  of  this  acid 
is  carried  off  by  the  water,  and  the  remaining  substance  is 
soluble,  in  pure  water.  The  solution  contains  a  neutral  combi- 
nation of  fibrin  with  the  mineral  acid  employed,  which  id 
mucous,  somewhat  opaline,  and  of  an  acidulous  taste.  An 
additiqn  of  acid  will  again  precipitate  it,  and  it  thus  often- 
happens  that  an  animal  substance,  that  has  been  treated  with  a 
mineral  acid  and  washed  on  the  filter,  gives  at  length  a  clear 
liquor,  which  becomes  turbid  on  falling  into  the  acid  liquor  that 
had  first  gone  through.  11ns  phenomenon  always  indicates  the 
presence  of  the  abovementioned  combination  of  a  mineral  acid 
with  fibrin,  or  with  albumen,  which  appears  to  possess  the  same 
chemical  properties  as  fibrin.* 

4.  In  weak  muriatic  acidy  fibrin  shrinks  and  gives  put  a  stnall 
quantity  of  azotic  gas ;  but  scarcely  any  portion  is  dissolved  even 
by  boiling  :  neither  does  the  acid  liquor  afford  any  precipitate 
with  ammonia,,  or  with  prussiate  of  potash.  Evaporated  to 
dryness  a  brownish  residue  is  obtained,  from  which  potash  dis- 
engages a  little  ammonia.  Concentrated  muriatic  acid  decom- 
poses fibrin  by  cpction,  and  produces  a  red  or  violet  coloured 
solution. 

The  fibrin  that  has  been  digested  with  weak  muriatic  acid  is 
hard  and  shrivelled.  By  washing  repeatedly  with  water,  it  is 
at  length  converted  into  a  gelatinous  mass,  which  is  perfectly 
soluble  in  tepid  water.  The  solution  powerfully  reddens  litmus 
paper,  and  yields  a  precipitate  with  acids  as  well  as  with  alkalies. 
Fibrin  has  therefore  the  property  of  combining  with  niuriatic  ' 
acid  in  two  proportions.  The  one  gives  a  neutral  combination 
soluble  in  water ;  the  other  a  combination  with  excess  of  acid 
which  is  insoluble,  but  which  is  reduced  to  the  state  of  the 
soluble  compound  by  the  action  of  pure  water. 

5.  Concentrated  sulplmric  acid  decomposes  and  carbonises 
fibrin.  The  same  acid  diluted  with  six  times  its  weight  of  water, 
and  digested  with  fibrin,  acquires  a  red  colour,  but  dissolves 
scarcely  any  thing.  The  fibrin  that  is  not  dissolved  is  a  combi^' 
nation  of  it  with  an  excess  of  sulphuric  acid.     By  depriving  i 

*  It  may  be  observed  that  the  precipitate  produced  by  nitric  acid  assumes  a 
yrUQvr  colour,  but  has  is  othvr  se»peetM  the  same  properVkeft  M  iVit  is^o  <^\\itn« 
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of  this  excess  of  acid,  by  means  of  pure  water,  a  neutral  com** 
bi nation  is  obtained^  which  is  soluble  in  ^'ater,  and  possesses  the 
jSame  characters  as  the  neutral  muriate  of  fibrin. 
.  6,  Nitric  acid  of  the  specific  gravity  1*25  digested  with  fibrin, 
renders  it  yellow,  and  diminishes  its  cohesion.  The  fluid  becomes 
yellow,  and  the  surface  of  the  fibrin  is  covered  with  a  small 
quantity  of  fat  formed  by  the  action  of  the  acid.  During  this 
operation  elastic  matter  is  disengaged,  which  is  azotic  gas  alone, 
and  in  which  1  could  not  discover  the  smallest  portion  of  nitrous 
gas.  When  the  digestion  has  been  continued  24  hours,  the 
£brin  is  converted  into  a  pulverulent  mass,  of  a  pale  citron 
colour,  which  is  deposited  at  the  bottom  of  the  liquor.  The 
ktter  being  decanted  off,  and  the  undissolved  matter  placed  on 
a  filter  and  washed  with  a  large  quantity  of  water,  the  colour 
changes  in  pix)portion  as  the  acid  which  vras  in  excess  is  carried 
off,  and  the  mass  acquires  a  deep  orange  colour.  Even  when  the 
affusion  is  continued  till  the  water  gives  no  sign  of  acidity,  the 
orange  mass  has  not  yet  lost  the  property  of  reddening  litmus. 

This  yellow  substance  was  discovered  by  Messrs.  Fourcroy  and 
Vauqueiin,  who  obtained  it  in  treating  muscular  flesh  with  nitric 
acid.    They  have  described  it  as  a  new  acid  formed  by  the  actiou 
of  nitric  acid  on  the  muscular  fibre,  and  to  which,  from  its 
^lour,  they  have  given  the  name  of  yellow  acid.    {Acidejaune,) 
This  substance  is  dissolved  in  caustic  alkali,  to  which  it  imparts 
an  orange  colour,  and  it  is  partly  soluble  in  acetate  of  pota^  and 
of  soda.   *TheTrench  chemists  found  that,  if  treated  with  £1  firesh 
quantity  of  nitric  acid,  it  acquires  the  property  of  burning  with 
the  same  phenomena  as  a  combustible  body  mixed  with  nitre. 
This  fact  they  considered  as  remarkable,  since  they  could  not 
detect  any  nitric  acid  in  the  yellow  acid.     But  the  latter,  as  will 
be  presently  shewn,   is  nothing  more  than   a  combination  of 
fibrin  with  nitric  acid,  (or  in  other  cases,  perhaps,  with  nitrou$ 
acid,)  and  also  with  another  acid  formed  by  the  decomposition 
of  a  portion  of  the  fibrin,  a  species  of  combination  very  ana^ 
logout  to  the  one  already  described.     If  the  yellow  substance  be 
boiled  with  alcohol,  a  yellow  adipocirous matter  is  taken  up;  but 
k  is  deposited  when  the  liquor  cools.    This  sebaceous  matter  has 
41  great  resemblance  to  that  obtained  by  the  action  of  alcohol  oti 
pure  fibrin.    If  the  yellow  sul)StaTice,  after  being  thus  deprived 
of  its  adipocirpus  portion,  be  digested  with  water  and  carbonate 
of  lime,  it  slowly  decomposes  the  carbonate,  disengages  its  acid 
in  the  form  of  gas,  and  produces  a  yellow  solution.     Having 
separated  this  fluid  from  the  undissolved  portion  of  the  yelk)W 
substance,  1  concentrated  it  to  the  consistence  of  a  syrup  :  and 
then  poured  in  alcohol,  which  precipitated  one  part,  fetainrog 
th«  other  in  solution.    The  precipitate  had  all  the  characters  of 
nialate  of  lioe.    Jpl§so^ved  m  w&t^r,  aiid /decomposed  by  a  wtSh, 
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cient  quantity  tf  solphiiric  acid,  it  yielded  dulphate  of  lime; 
and  the  add  liquor  being  iGltered  and  evaporated^  gave  ti 
brownish  and  highly  acid  syrup,  possessing  all  the  properties  df 
malic  acid.  The  portion  dissolved  in  the  alcohol  was  evidently 
a  mixture  of  nitrate  and  nitrite  of  lime.  The  mixture  consisting 
tA  undecomposed  carbonate  of  lime,  and  the  insoluble  part  of 
the  yellow  substance,  being  decomposed  by  diluted  muriatic  acid^ 
left  a  yellow  mass  perfectly  similar  to  the  one  which  I  had  before 
decomposed,  and  possessing,  like  that  substance,  the  property 
of  reddening  litmus  paper.  It  appeared  therefore  that  1  had 
merely  exchanged  the  nitric  and  malic,  for  the  muriatic  acid. 

We  thus  find  that  fibrin  enters  into  combination  as  readily  with 
nitric  acid,  as  with  the  other  beforementioned  acids,  and  that  It 
is  capable  of  forming  two  combinations,  the  one  containing  an 
excess  of  acid  and  having  a  pale  yellow  colour,  the  other  neutral 
and  of  an  orange  hue.  By  digesting  fibrin  with  nitric  acid,  it 
undergoes  a  species  of  decomposition  by  which  malic  add  is 
fi>rmed.  This  acid  in  conjunction  with  the  nitric  acid  combines 
with  the  tindecomposed  fibrin.  The  fibrin  thus  united  with  the 
two  acids  is  certainly  in  some  degree  altered,  for  its  neutral  com- 
bination with  nitric  acid  is  insoluble  in  water,  and  retains  its 
insolubility  and  its  yellow  colour  even  when  the  nitric  acid  has 
been  displaced  by  muriatic.  On  the  other  hand,  we  have  seen 
that  the  precipitate  thrown  do^n  by  nitric  acid  from  a  solution 
of  fibrin  in  acetic  acid,  acquires  a  yellow  tinge,  but  that  water 
in  depriving  it  of  the  excess  of  acid,  renders  it  gelatinous  and 
again  soluble.  It  follows  that  the  fibrin,  which,  in  the  yellow 
body,  performs  the  office  of  a  saline  base  to  the  nitric  acid,  must 
be  modified  in  a  different  manner  from  what  it  is  in  fibrin  com- 
bined with  the  acids  in  the  soluble  combinations. 

The  nitric  acid,  in  which  the  yellow  substance  has  been 
formed,  has  a  bright  yellow  colour :  it  holds  in  solution  a  portion 
of  the  yellow  substance  with  a  quantity  of  malic  acid.  Mixef} 
with  alkali  in  excess,  it  assumes  a  very  dark  yellowish  brown 
colour. 

7.  In  catistic  alkali^  fibrin  increases  in  bulk,  becomes  trans- 
parent and  gelatinous,  and  at  length  is  completely  dissolved. 
The  solution  is  yellow  with  a  shade  of  green.  Acids  occasion  in  it 
a  precipitate  which  gradually  becomes  confluent.  The  solution 
of  fibrin  in  caustic  alkali  is  precipitated  by  alcohol,  which  by 
means  of  the  excess  of  alkali  dissolves  a  portion  of  the  neutral 
combination  of  fibrin  with  alkali.  If  the  aqueous  alkaline 
solution  be  evaporated,  a  coagulum  is  formed  towards  the  end  of 
the  process,  probably  in  proportion  as  the  alkali  becomes  car- 
bonated. The  action  of  alkali  upon  fibrin  produces  some  altera- 
tion in  its  properties,  for  the  precipitate  ihrown  down  by  acetic 
PK^id  does  not  dissolve  by  an  f^ditional  quantity  of  acid.    But 
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whatever  he  the  nature  of  this  change  induced  on  fihrin  by  th^ 
alkalies,  the  former  is  by  no  means  converted,  as  M.  Fourcroy 
Jtias  alleged,  into  a  fatty  substance  with  which  the  alkali  produces 
II  sapQnaceous  compound,  nor  has  it  ^ven  the  least  analogy  to 
any  species  of  soap.  As  far  as  I  can  perceive,  this  effect  of 
Alkalies  is  confined  to  the  epidermoid  textures,  and  parts  which 
Vy  long  and  continued  boiling  are  converted  into  a  similar  sub- 
^t^nce. 

Of  the  Colouring  Matter  and  its  Chemical  Properties. 

Iq  order,  to  separate,  a^  muph  as  possible,  the  colouring  matter 
from  th^  9}Uumen  and  the  salts  of  serum,  I  cut  tlie  crassamen- 
tum  into  very  thin  slices,  which  1  placed  upon  blotting  paper, 
till  it  had  taken  up  all  that  it  could  absorb  :  after  which  they 
•were  dried.  A  portion  of  the  crassamentum  treated  in  that 
inanner,  was;  triturated  with  water  as  long  as  it  appeared  capable 
pf  acting  as  a  solvents  This  water  acquired  from  the  matter  it 
had  dissolved  a  brown  colour  of  so  deep  a  shade  that  it  did  not 
exhibit  the  least  transparency  whqn  contained  in  a  glass  tube  of 
a  quarter  of  an  inch  in  diameter.  The  fluid  had  a  faint  odoUr  of 
t)lood,  and  a  mawkish,  saline,  and  highly  nauseous  taste. 

I  coagulated  the  solution  by  means  of  h^at  in,  a  pneumatic 
apparatus..  The  mass  frothed  considerably,  but  no  elastic  fluid 
was  disengaged.  While  yet  hot,  it  was  placed  on  a  filter :  thje 
liquor  had  a  red  colour  which  it  lost  by  cooling,  and  at  the  same 
time  deposited  a  small  quantity  of  the  colouring  matter.  I  shall 
revert  to  this  liquor  in  the  sequel. 

The  dark  brown  coagulated  ipatter,  after  being  carefully 
Vra^bed,  and  subjected  to  ^  powerful  press,  wa^  dried  at  a  tem- 
perature of  70°  (158^  Fahrenheit).  It  was  but  little  conr 
tracted  by  the  exsiccation,  but  had  become  black,  hard,  diffi- 
cultly pulverisahle,  and  shewed  a  vitreous  fracture.  Before 
the  desiccation  is  complete,  it  is  of  a  dark  brown  colour,  has 
little  cohesion,  and  forms  a  granulated  mass  :  circumstances  by 
which  it  may  be  dlstingiiished  from  both  fibrin  and  albumen. 

^.  The  colouring  mattei;  is  acted  upon  by  boiling  ivater  ia 
nearly  t^e  same  way  as  fibrin^,  becoming  somewhat  contracted 
by  CQQtion ;  and  the  solution  contains  soda,  and  an  animal  matter 
perfectly  analogous  to  that  which  is  obtained  from  fibrin,  but 
rather  less  i^  qua^ntity  :  for  it  would,  appear  that  a  portion  of  this 
substance  beginjs  to  be  formed  from  the  commencement  of  the 
process  of  coagulation.  It  retains  its  black  colour,  but  loses  the 
property  of  softening,  and  dissolving  in  acetic  acid. 

2.  Alcohol  and  ether  convert  the  colouring  matter  in  part,  into 
^  fatty  adipocirous  mass,  having  a  very  disagreeable  odour. 
'^  3.  In  acetic  acid^  the  colouring  matter  immediately  becomes 

K  '{pfmiDg  a  black  and  tremulous  jelly,  wkich  dissolves  ifk, 
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tepid  water  ^tth  the  disengagement  of  a  small  quantity  of  azotic 
gas.  The  solution  is  reddish  brown,  and  only  semi-transparent. 
A  small  part  of  the  colouring  matter  remains  undissolved^  and 
forms  with  the  acid  a  compound  of  very  sparing  solubility.. 

A  solution  of  the  colouriqg  matter  niixed  with  acetic  acid  doef 
not  coagulate  ;  but  whgn  made  to  boil  turns  black  and  depositi 
a  very  small  quantity  of  its  insoluble  coj;npound^  without  however 
coagulating. 

The  solution  of  the  colouring  matter  in  aqetic  acid  is  precipi- 
tated both  by  alkalies  and  by  alkaline;  prussiates.  Ammonia 
produces  a  dark  brown  precipitate,  which,  when  well  washed 
and  weighed,  is  found  to  be  the  colouring  matter  unaltered,  and 
again  soluble  in  acetic  acid.  The  solution  after  prepipitation  by 
^mmopia  is  yellow,  and  deposits  by  evaporation  a  quantity  of 
white  matter,  which  is  readily  distinguished  to  be  albumen,  9f 
which  it  is  impossible  entirely  to  deprive  the  crassamentum. 

Prussiate  of  ammonia  precipitates  from  the  acetic  solution  a 
mass  of  a  blackish  hrowi;i  colour,  resembling  the  precipitate  by 
pure  ammonia.  Both  these  precipitates,  employed  as  pigment^ 
g-ive  the  same  shade  of  a  dirty  brown.  The  prussic  acid,  there- 
forc;^  appears  to  exert  no  action  on  the  colouring  mattef  of  the 
blood ;  which  should  take  place  if  the  latter  owed  its  colour  to  a 
ferruginous  salt.  The  solution  of  colouring  matter  in  acetic  acid 
is  precipitated  by  the  mineral  acids,  and  the  precipitate^  have 
precisely  the  same  characters,  excepting  the .  colour,  which  is 
brown,  as  those  procured  by  the  same  methods  from  fibrin. 

4.  Concentrated  muriatic  acid  does  not  dissolve  the  colouring 
matter,  even  when  afded  by  digestion  :  a  small  quantity  of  azotic 
gas  is  disengaged,  and  the  acid  assumes  a  yellow  tint :  alkalies, 
however,  produce  in  it  hardly  any  precipitate.  The  undissolved 
portion  is  a  compound  with  excess  of  acid,  which  becomes 
solid)le  in  proportion  as  the  superabundant  acid  is  carried  oflf. 
The  neutral  solution  of  colouring  matter  is  brown,  and  has  the 
same  properties  as  that  formed  by  acetic  acid.  The  colouring 
matter  boiled  for  a  long  time  with  muriatic  acid,  suffers  a  com- 
mencement of  decomposition:  some  iron  is  taken  up  by  the 
acid,  and  the  .undissolved  portion  is  no  longer  soluble  even  by 
repeated  washing,  although  in  this  state  it  retains  a  portion  of 
acid,  of  which  the  watier  cannot  deprive  it. 

5.  The  nitric  acid  produces  the  same  effects  in  the  colouring 
matter  as  on  fibrin;  the  only  distinction  being  in  the  colour, 
which  in  the  former  is  invariably  black. 

6.  Caustic  ammonia  dissolves,  the  colouring  matter  assuming 
a  very  deep  brown  colour.  A  precipitate  is  thrown  down  hy 
acids,  but  not  by  the  alkaline  prussiates.  The  precipitate  formed 
t>y  acetic  acid  is  again  soluble,  but  only  by  an  excess  of  acid. 
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7.  f  ti  k>Iut{oh  of  caustic  fixed  alkali  the  colouring  matter  is 
ibf^tred.  Forming  a  brownisli  jelly,  which  is  dissolved  by  a  suffi- 
cient quatttity  of  water,  Dunng  the  evaporation  it  coagulates  in 
proportion  as  the  alkali  a))sorb5  carbonic  acid.  The  alkaline 
solution  is  precipitated  by  alcohol,  which,  however,  acquires  a 
ted  tinge  by  dissolving  a  small  quantity  of  the  compound  formed 
of  the  colouring  matter  with  the  excess  of  alkali.  The  alkaline, 
solution  of  colouring  matter  seen  by  day-light  has  a  green  colour, 
but  appears  red  by  candle-light. '  It  was  upon  this  appearance  of 
green  that  Foureroy  conceived  the  idea  that  bile  might  be  formed 
by  boiling  blood  with  a  small  quantity  of  water ;  but  this  green 
Auid,  as  we  shall  afterwards  see,  agrees  with  bile  in  no  property 
excepting  colour. 

8.  if  a  solution  of  the  colouring  matter  in  water  be  exposed 
to  a  heat  of  50°  (122°  Fahrenheit)  in  a  saucer,  it  blackens 
2nd  dries  completely  without  coagulating.  In  this  state  it  is 
•gain  entirely  soluble  in  cold  water. 

These  experiments  prcive  that  the  colouring  matter  has  the  same 
chemical  properties,  and  consequently  the  same  chemical  com- 
position as  fibrin,  but  that  these  two  bodies  are  distinguishable 
flrom  one  at\iJiher  principjilly  by  a  difference  in  colour ;  by  the 
fibrin  coagulating  spontaneously  in  all  temperatures,  while  the 
colouring  matter  may  be  driea,  without  losing  its  solubility  in 
Water,  and  becenses  insoluble  only  at  a  certain  temperature :  and 
lastly  by  the  peculiar  character  of  the  latter  when  coagulated, 
such  as  its  not  being  diminished  in  volume  during  the  exsicca-^ 
turn,  as  happens  with  fibrin. ' 

{To  be  continued.') 
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Article  VII. 

()n  the  Heat  evolved  durivs  Inflammation  of  the  Human  Bodyi. 

By  Thomas  Thomson,  M.D.  F.R.S. 

That  the  heat  evolved  by  the  human  body  is  very  consider-^ 
lible,  and  that  in  cases  of  inflammation  this  heat  is  very  much 
increased,  are  facts  with  which  every  body  is  acquainted ;  but  I 
am  ignorant  of  any  attempt  hitherto  made  to  estimate  the 
increase  of  heat  that  is  given  off  in  cases  of  inflammation.  Oa 
that  account  I  think  it  worth  while  to  record  an  observation 
which  I  had  an  opportunity  of  making  upon  myself,  during  the 
•course  of  last  winter.  It  is  far  from  determining  the  whole  heat 
given  off  during  the  inflammation  ;  but  as  it  is  at  least  an 
approach  towards  aceuraicy,  and  aa  I  was  at  as  much  pains  as 
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possible^  dotisidering  the  situatiofn  in  which  I  w^s  at  tlie  iiratj  I 
conceive  the  statement  will  add  another  and  a  curious  fietct  to 
animal  physiology. 

During  the  month  of  January  last,  in  consequence  of  walMn^t^ 
libout  in  rainy  weather  in  thin  shoes  for  a  condderable  part  ot" 
the  day,  and  afterwards  sitting  for  several  hours  with  wet  fecft,  I 
caught  a  violent  cold,  which  was  attended  with  fever,  and 
among  other  inflammatory  symptoms  a  throbbing  pain  took 
place  in  the  right  groin,  accompanied  with  swelling  of  the 
inguinal  glands.  To  prevent  this  pain  from  proceeding  to  sup- 
puration, 1  applied,  for  four  days  successively,  and  36  times 
each  day,  two  cotton  cloths  successively  wrung  out  of  cold  water 
to  the  swelled  part.  The  average  temperature  of  the  cold  water 
employed  was  40°.  The  cloths  were  removed  when  they  felt 
hot ;  and  from  several  trials  this  appeared  to  indicate  a  tempera- 
ture of  about  90° ;  so  that  each  cloth,  and  the  water  which  it 
contained,  was  heated  at  an  average  50°. 

The  first  cloth  dry  weighed ....  530  graks 
The  second 458 

The  Erst  when  wet  weighed  1459  or  929  water  +  530  dotk 
The  second 1434  or  976  +  458 

I  made  several  experiments  to  determine  the  specific  heat  of 
cotton,  but  found  it  attended  with  unexpected  difficulty.  When 
cotton  wool  is  employed  it  is  so  elastic  and  bulky  that  you  are 
obliged  to  use  a  much  smaller  weight  of  it  than  of  the  hot  water 
with  which  you  mix  it.  This  occasions  great  inapcuracy.  Whea 
cotton  cloth  is  employed,  a  considerable  time  elapses  before  you 
can  mix  it  properly  with  the  water,  and  this  occasions  uncer- 
tainty. I  state,  therefore,  the  results  which  I  obtained  with 
considerable  hesitation.  The  specific  heat  of  cotton,  by  my 
trials,  is  0*53,  that  of  water  being  1.  1  shall  therefore  consider 
it  as  half  as  great  as  that  of  water. 

We  may,  ^therefore,  substitute  for  the  two  cotton  cloths  a 
quantity  of  water  equal  to  half  the  weight  of  each.  We  may 
say,  therefore,  that  2399  grains  of  water  were  heated  50  de- 
grees 18  times  a  day  for  four  days  together,  making  a  total  of  30 
pounds  troy  heated  50°  in  the  course  of  four  days  by  the  inflamed 
part.  This  is  nearly  the  same  quantity  of  heat  that  would  have 
been  requisite  to  heat  8^-  lbs.  of  water  from  the  temperature  of 
40°  to  that  of  212°.    This  amounts  nearly  to  seven  wine  pints. 

So  that  in  the  course  of  four  days  this  small  inflamed  spot 
gave  out  a  quantity  of  heat  sufficient  to  have  heated  seven  wme 
pints  of  water  from  40°  to  212°;  yet  the  temperature  was  not 
5en$ibly  less  than  that  of  the  rest  of  the  body  at  the  end  of  the 
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experiment.    The  inflammation,  however,  was  gone,  and  did 
not  again  return. 

Nor  was  this  quantity  of  heat,  considerahle  as  it  was,  the  whole 
thak  was  evolved.  Some  was  lost  by  the  evaporation  of  the 
moisture  from  the  wet  cloth,  which  must  have  taken  place  to  ^ 
certain  extent,  and  some  must  have  made  its  escape  during  the 
night,  when  the  wet  clothes  were  applied  very  irregularly,  and 
at  long  intervals. 


Article  VIII. 


Mifierahgical  Observations  made  in  the  Highlands  of  Scotland. 

By  James  Grierson,  M.D. 
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On  the  14th  of  August,  ^812,  Mr.  Jardine,  civil  engineer 
and  myself,  left  Edinburgh  on  a  round  by  Loch  Catherine  and 
Loch  Tay,  principally  with  the  view  of  observing  the  geognostio 
appearances  of  the  country. 

On  reaching  the  bridge  of  Dpunc,  eight  miles  from  Stirling, 
we  found  the  old  red  sandstone,  forming  nearly  horizontal  strata 
in  the  bottom  of  the  river.  Soon  after  this  wfe  observed  on  the 
road  from  Doune  to  Callander  many  rolled  pieces  of  very 
distiixct  gi*ey  wacke,  which  led  me  to  suspect  the  approach  of  4 
grey  wacke  country.  From  Callander  we  set  out  to  visit  the 
famed  and  interesting  scenery  of  the  pass  of  Leney,  by  which 
thie  traveller  on  this  route  enters  the  Gram[)ian  range.  About 
two  miles  beyond  Callander  we  found  the  rock  through  whiclx 
the  road  is  cut  to  be  very  distinct  grey  wacke,  and  traced  it  till 
we  found  it  ^bout.  half  a  mile  farther  on  towards  the  north-west, 
very  r^ear  the  mica  slate;  but  could  not  see  the  junction  of  these 
tivo  rocks,  or  whether  the  clay  slate  intervened  betwixt  them. 
On  this  road,  about  a  mile  and  a  half  from  Callander  (to  the 
l^J.  VV.  of  it),  we  observed  a  greenstone  vein,  12  or  15  feet 
broad,  intersecting  the  conglomerate  in  a  direction  nearly  N.  E., 
and  S.  W. :  it  crosses  the  high  road.  A  little  below  this, 
towards  Callander,  transition  slate  appears  in  pretty  highly 
inclined  strata,  and  the  conglomerate  resting  upon  it,  and,  we 
thought,  alternately  with  it.  Neither  of  us  could  observe  any 
instance  of  the  conglomerate  coming  in  contact  with  the  clay 
slate ;  and  we  were  both  perfectly  satisfied  that  in  this  district 
the  transition  rocks,  grey  wacke,  and  grey  wacke  slate,  come  ia 
between  the  floetz  and  the  primitive  country. 

It  was  my  intention  to  have  examined  particularly  the  speciei^ 
•f  minerals  constituting  the  nodules  of  the  conglomerate  abou^ 
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Callander ;  but  this,  I  am  sorry  to  say,  was  ndt  done  in  the 
manner  1  could  have  wished,  having  been  deceived  by  the  expec- 
tation of  meeting  with  enoogh  of  conglomerate  for  that  purpose 
next  day  on  our  way  to  Loch  Catherine.  In  as  for,  howevei^, 
as  I  did  examine  the  nodules,  1  found  them  to  consist  principally 
of  white  quartz  ;  but  met  also  with  a  few  nodules  of  clay  slate 
and  homstone  porphyry. 

In  ihe  evening  of  the  16th  we  visited  the  fine  fall  at  Bracklin 
bridge,  about  a  mile  to  the  east  of  Callander.  The  rock  is 
conglomerate,  and  broken  down  by  the  action  of  the  water  into 
many  fine  and  fantastic  forms.  We  had  the  conglomerate  all 
along  from'  Callander  to  this  fall ;  and  on  tracing  the  river  about 
two  miles  up  observed  no  other  rock  :  but  Mr.  Jardine  told  me 
that  some  time  ago  Sir  James  Hall  found  grey  wacke  about  a 
mile  or  two  higher  up  than  we  were.  Night  prevented  our 
reaching  it. 

The  grey  wacke  and  grey  wacke  slate  appear  about  two  miles 
after  leaving  Callander,  on  the  road  to  Loch  Catherine.  They 
continue  all  along  the  valley  of  Loch  Venachar  and  Loch 
Achray  to  the  Trossacks,  and  the  eastern  part  of  these  hills  is 
Composed  of  grey  wacke.  The  western  part,  next  to  Loch 
Catherine,  is  mica  slat€^ ;  and  this  is  the  rock  all  along  the  banks 
of  the  lake  to  its  top.  The  Lady's  Isle,  rendered  now  so  famous 
by  the  poetry  of  Mr.  Scott,  is  a  roundish  mass  of  mica  slate, 
about  100  yards  diameter,  projecting  finely  from  the  surface  of 
the  water,  and  covered  with  wood.  On  the  Isle  of  Pontencllan, 
very  near  the  head  of  the  lake,  we  found  a  large  rolled  mass 
(about  two  feet  diameter)  of  very  beautiful  primitive  greenstone  ; 
but  saw  no  rock  in  situ  except  the  mica  slate. 

About  half  way  between  Callander  and  the  Trossacks,  that  is, 
five  miles  from  each,  is  a  quarry  of  clay  slate.  It  is  on  the 
right  hand  of  the  road  as  we  go  toward  the  Trossacks,  on  the 
banks  of  Loch  Venachar,  and  100  feet  at  least  above  the  level 
of  the  lake.  I  examined  it ;  but  could  not  see  the  junction  of 
this  slate  with  the  grey  wacke  or  tlie  mica  slate.  The  strata  are 
highly  inclined,  between  70°  and  80°,  and  dip  towards  the  hill. 
Having  no  compass  (as  we  had  unfortunately  brought  one  with 
us  which  was  good  for  nothing)  I  could  not  ascertain  their 
direction,  but  it  is  somewhere  between  E.  and  N.  E. 

At  Stewart's  House,  two  miles  from  the  foot  of  Loch  Cathe- 
rine, we  have  the  grey  wacke  ;  and  about  150  yards  up  the  hill, 
towards  the  N'.  in  the  bed  of  the  rivulet,  appears  shte  whicli  I 
took  to  be  transition.  The  hill  rises  rapidly,  and  in  less  than 
100  yards  more  we  have  the  mica  slate. 

On  leaving  Stewart's  we  proceeded  over  the  hills  to  the  head  of 
Loch  Lubnaig,  a  v/alk  of  nine  miles.  In  this  route  we  crossed 
Glenfinlass^  the  mica  slate  formation  accompanying  us  all  the 


AQ  Mweratogtcal  Observations  [Jvttf 

way ;  and  when  we  had  passed  the  top  of  the  mountaiD,  imme* 
diatdy  to  the  yirest  of  Loch  Lubnaig,  we  found  a  bed  of  rather 
^ark  grpyish  blue  foliated  limestone.  There  is  a  quarry  in  it, 
ivfaich  has  been  lately  wrought. 

About  half  way  between  lioch  Lubnaig  and  Loch  Em  He;ad 
J  found  a  considerable  large  rolled  piece  of  the  rock  composed  of 
felspar  iind  dialage.  On  this  road  I  observed  many  rolled  pieces 
of  primitive  greenstone.  The  formation  is  all  along  the  mica 
date. 

Two  pailes  down  from  Xioch  Zvn  Head,  on  the  north  bank  of 
the  lake,  is  at  present  worked  a  large  quarry  of  greyish  blue 
fcliated  limestone.  It  is  a  bed  in  the  mica  slate,  and  is  about 
40  feet  thick,  and  for  a  considerable  way  worked  completely  to 
the  bottom.  It  bielongs  to^  Lord  Breadalbane,  and  is  carried 
down  the  lake  in  boats  of  15  tons  burden.  It  is  carted  from  the 
lower  end  of  the  lake  into  the  country  about  Comrie.  Crieff,  and 
other  places  in  Stratheru  where  the  coals  are  to  be  had,  and  there 
burned  for  use. 

The  whole  of  the  route  from  Loch  Ern  Head  to  KilHn  is  the; 
mica  slate.  We  found,  however,  a  bed  of  greenstone,  or  « 
vein,  for  we  could  not  certainly  determine  which,  seemingly  of 
great  thickness,  by  estimation  40  or  50  yards.  It  is  about  five 
miles  from  Loch  Em  Head,  and  is  seen  in  a  small  rivulet,  where 
there  is  a  bridge ;  and  this  rivulet  (over  which  the  bridge  is 
thrown),  about  200  yards  to  the  west,  fells  into  another  rivulet, 
which  comes  from  a  small  lake  in  sight  of  the  road.  This  h 
about  the  highest  ground  over  which  the  high  road  passes  be- 
twe^  Loch  Ern  Head  and  Killin.  The  greenstone  is  best  seen 
near  to  where  the  two  before -mentioned  rivulets  join. 

On  arriving  at  Killin  we  went  to  view  the  falls  of  the  Lochy. 
They  are  over  the  mica  slate ;  and  we  saw  no  other  rock  here- 
sibouts.  At  Taymouth  Lord  Breadalbane  has  built  a  new  house, 
or  castle,  in  the  Gothic  style,  of  a  fine  greyish  green  slaty  stone, 
so  soft  as  to  be  easily  wrought  by  the  chisel ;  and  when  polished, 
it  has  nearly  the  same  appearance  as  the  chlorite  slate,  of  which 
the  castle  of  Inverary  is  built.  This  stone,  which  I  believe  i^ 
something  intermediate  between  chlorite  slate  and  talc  slate,  ia 
got  from  a  quarry  not  far  from  the  Tay,  about  three  miles  to  thp 
east  of  Taymouth.  I  had  no  opportunity  of  learning  with  wb^t 
rock  or  rocks  it  is  associated. 

Leaving  Taymouth  we  proceeded  to  Aberfeldie,  and  went  t0 
see  the  falls  of  Moness.  These  possess  more  of  the  grand  anci 
terrific  than  any  waterfall  that  I  have  see^  in  the  kingdotp,, 
except  the  fall  of  Foyer?.  The  rock  is  mica  slate.  We- 
observed,  however,  a  bed  of  greenstone,  and  also  bornblendef 
rock.  Here  we  have  wall  preqipices  200  feet  higb^  Prom  th}9: 
|gfl9C)  ^i}fh»ra(4  iof  li  mU^f  Qv^r  thi^  bk^  dr^ry  vfiv^ii^  iff 
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Ambleree  to  Gie9alnjond  we  found  the  same  fqraiation.  Tbi» 
glen  struck  us  as  narrower  and  more  confined  than  any  we  hiuj| 
seen,  and  the  rocks  on  each  side  are  extremely  precipitous.  StiU 
mica  slate  strata  nearly  vertical  ;  but  as  soon  as  we  had  got  a 
mile,  or  a  mile  and  a  half,  down  from  the  bridge,  we  cam(^ 
upon  transition  rock?,  grey  wacke,  and  grey  wacke  slate.  We 
saw  also  about  60  yards  up  the  hill  on  our  right  a  small  <jwarry, 
in  what  we  deemed  to  he  clay  slate.  Indeed,  we  had  no  doui^ 
of  its  being  so,  from  some  fragments  we  found  on  the  road.  On 
advancing  some  miles  farther  on  our  way  towardi^  Criefi^,  we  agai^ 
fell  in  with  the  conglomerate. 

Oa  our  way  from  Crieff  to  Comrie,  near  the  Hou^e  of  Lawars, 
on  the  right  hand  side  of  the  road,  I  observed  in  the  conglome- 
rate a  veiy  distinct  nodule  of  mica  slate ;  the  only  oue  of  the 
sort  i  saw  in  all  ihisjlistrict.  I  qowhere  observed  any  grapite  c^ 
gneiss  nodules. 

The  country,  looking  west  fropa  Comrie,  is  primitive,  and 
extremely  bold.  And  the  view  up  the  Ern  towards  Duneira^  a 
distance  of  nine  miles,  is  picturesque  in  a  high  degree.  On  a 
well-chosen  eminence  to  the  north  of  Comrie  they  are  erecting 
a  monument  to  th^  memory  of  the  late  Lord  Melville,  of  a 
beautiful  variety  of  sienite,  in  which  the  felspar  is  almost  snour 
white. 

About  three  miles  to  the  south  of  Comrie  the  road  is  cut 
through  the  conglomerate,  iri  some  places  to  the  depth  of  20 
feet.  The  nodules  almost  all  of  the  trap  kind,  amygdaloid,  trap- 
tuff,  basalt,  greenstone,  wacke,  grey  wacksy  hornstone  porphyry* 
From  this  place  to  the  bridge  of  Ardoch  (nine  miles)  the  rock 
appeared  every  where  to  be  the  old  red  sandstone  of  a  small 
grain,  such  as  we  observed  it  in  the  bottom  of  the  river  at  the 
bridge  of  Doune ;  and  nothing  but  sandstone  presented  Itself  till 
we  came  into  Glenagles,  which  enters  the  Ochil  Hills  by  the 
north,  and  there  we  found  the  rock  to  be  porphyry  slate./  CXa 
having  the  head  of  Gleneagles,  and  descending  into  Glendevoa 
we  observed  conglomerate  lying  on  grey  wacke  and  transitioa 
slate,  on  the  north  bank  of  the  river,  aJ)out  three  miles  above 
the  church. 

The  river  Devon  struck  us  as  flowing  all  along  with  uncomn\oa 
rapidity.  It  is  altogether,  perhaps,  one  of  the  most  singular 
rivers  in  Scotland.  The  rapidity  of  its  fall  from  its  source  down  the 
glen  till  it  arrive  at  the  Crooks  where,  from  an  easterly,  it  changes 
its  course  to  a  westerly  direction;  and  then  the  surprising  and  \exy 
extraordinary  phenomena  it  exhibits  at  the  Devil's  Mill,  the  Rum- 
bling Bridge,  and  Cauldron  Lin,  are  very  striking  objects.  At  the 
tnill  and  the.  bridge  the  rock  is  a  hard  conglomerate ;  at  the 
Cauldron  Lin  it  is  greenstone.  When  proceeding  from  the  top 
of  the  Cauldron  Lio  down  to  the  bottom^  by  the  right  bank  of 
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the  river,  tve  found  some  men  Working  a  quarry  of  greenstone. 
This  was  npt  more  than  50  br  60  yards  from  the  lin,  and  we 
easily  traced  the  greenstone  to  the  lin  ;  at  first  we  took  it  for  Jl 
vein;  but  on  further  Examination  at  the  bottom  of  the  lin, 
finding  the  rock  there  greenstone,  and  Seeing  large  and  thick 
strata  of  slate  clay,  with  some  clay  iron  stone,  alternating, 
and  the  strata  of  these  dipping  eastward,  and  running  below  the 
greenstone,  We  Were  both  inclined  to  think  it  was  a  bed.  Froni 
this  point  to  thie  shores  df  the  Frith  of  Forth  the  country  is 
entirely  composed  of  sahdstone,  limestone,  slate  clay,  bituminous 
shale,  clay  iron  stone,  coal,  and  various  rocks  of  the  floetz  trap 
series.  Immediately  oti  the  shores  of  the  Forth,  thesfc  strata  are 
in  some  places  covered  with  an  alluvial  deposite,  which  contain^ 
rhany  organic  remains^  These  remains  arfe  in  general  of  shells 
that  belong  lo  species  which  at  present  inhabit  the  Frith  of 
Forth.  Mr.  Bald,  in  an  excellent  paper  on  the  local  fall  of 
Alloa,  inserted  in  the  Memoirs  of  the  Wemerian  Natural  His^ 
iory  Society y  enumerates  the  following  species  i — 

1.  Ostraea  edulis.  4.  Turbo  littoreus. 

2.  M ytilus  edulis.  5.  Donax  trunctilus. 

3.  Cardium  edule.  6.  Patella  vulgata. 


Article  IX. 


On  the  Daltonian  Theory  of  Definite  Proportio7is  in  Chemical 
Combinations.    By  Thomas  Thomson,  M.D.  F.R.S.  ' 

I  promised  in  an  early  number  of  the  Afinah  of  Philosophy 
some  observations  on  Mr.  Dalton's  theory  of  definite  proportions, 
and  I  now  sit  down  to  fulfil  that  promise.  Too  much  attention 
cannot  be  paid  to  this  important  theory,  the  developement  of 
which  I  consider  as  the  greatest  step  which  chemistry  has  yet 
made  as  a  science.  It  puts  us  in  the  way  of  establishing  principles 
of  rigid  accuracy  as  the  foundation  of  our  reasoning,  and  to  call 
in  the  assistance  of  mathematics  to  promote  the  progress  of  a 
science  which  has  hitherto  eluded  the  aid  of  that  unrivalled 
instrument  of  improvement.  The  idea  of  definite  proportions 
seems  to  have  struck  the  mind  of  Richter,  though  the  methods 
which  he  took  to  determine  them  wete  far  irom  successful ;  and 
Mr.  Higgins,  in  his  work  on  phlogiston,  maintained  the  opinion 
that  chemical  bodies  unite  atom  to  atom.  But  the  generallization 
of  the  doctrine,  and  the 'striking  and  irresistible  proofs  deduced 

Kiihi  ooifihiiiatiaQs  of  the  siiople  substances,  and  the  actds 
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and  bases  belong  entirely  to  Mr.  Dalton  j  without  whose  labours 
the  theory  would  probably  have  still  remained  unknown.  On 
the  Continent  the  notions  originally  established  by  Dalton  have 
been  adopted,  and  ingeniously  extended  in  certain  cases  by  Gay- 
Lussac ;  and  Berzelius  has  published  a  most  elaborate,  extensive, 
and  accurate  set  of  experiments  on. the  same  subject,  which 
fully  confirm  the  Daltonian  doctrine,  while  he  has  deduced 
several  subordinate  laws  from  his  analyses,  which,  though  in 
some  measure  empyrical,  are  nevertheless  of  very  considerable 
importance  in  determining  the  constitution  of  bodies. 

In  this  country  less  attention  has  hitherto  been  bestowed  upon 
Dalton's  theory  than  could  have  been  anticipated  from  the 
sagacity  and  enlightened  views  of  many  of  our  chemists.  Dr. 
Bostock  has  even  written  an  essay  against  it ;  but  from  the  well- 
known  candour  and  liberality  of  this  able  philosopher,  I  have  no 
doubt  that  he  will  embrace  it  with  ardour  as  soon  as  his  doubts 
are  removed.  Sir  Humphrf  Davy  has  embraced  the  Daltonian 
theory  with  some  modifications  and  alterations  of  terms ;  but  his 
notions  are  not  quite  so  perspicuous  as  those  of  Mr.  Dalton,  and 
they  do  not  appear  to  me  so  agreeable  to  the  principles  of  sound 
philosophy.  These,  as  far  as  I  recollect,  are  the  only  chemists 
m  this  country  who  have  written  upon  the  subject  (some  observa- 
tions of  Dr.  Wollaston,  and  of  myself,  excepted) ;  though  not 
the  only  persons  who  have  embraced  the  opinions  of  Mr.  Dalton. 
I  shall  in  this  essay  state,  in  the  first  place,  the  nature  of  the 
theory,  and  the  grounds  upon  which  It  has  been  advanced  ;  in 
the  second  place,  I  shall  state  the  laws,  or  subordinate  canons, 
which  have  been  deduced  from  analysis,  in  consequence  of  the 
introduction  of  this  theory ;  and  in  the  third  place,  I  shall  give 
a  table  of  the  numbers  representing  the  proportions  in  wliich 
substances  combine,  deduced  from  the  application  of  the  Dal* 
tonian  theory  to  the  most  accurate  analyses  hitherto  made. 

I.  Outline  of  the  Daltonian  Theory. 

It  may  be  necessary  to  mention  in  the  outset  that  I  propose  to 
give  the  view  which  I  have  been  accustomed  myself  to  take  of 
the  subject,  and  that  I  would  not  be  understood  to  make  Mr. 
Dalton  answerable  for  the  opinions  which  1  shall  state.  I  call  it 
the  Daltonian  theory  because  I  consider  it  as  belonging  to  ]V!r. 
Dalton;  because  he  first  suggested  it  to  me,  and  set  me  to  think 
on  the  subject;  and,  of  course,  every  thing  here  stated  origi- 
nated from  him,  either  directly,  or  at  least  indirectly. 

1.  With  respect  to  the  nature  of  the  ultimate  elements  of 
bodies,  we  have  no  means  of  obtaining  accurate  inforniation ; 
but  it  is  the  general  opinion  that  they  consist  of  atoms,  or  minute 
solids^  incapable  of  farther  division .  That  these  atoms  are  mere 
mathematical  points  surrounded  with  spheres  of  attraction  a^d 
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jrepuIsiDn,  as  Buscovich  supposed,  appears  to  me  incomprehen- 
sible. .  They  must^  1  think,  be  physical  points,  as  minute  as  you 
will,  but  still  possessed  of  length,  breadth,  and  thickness.  This 
opinion,  I  say,  is  generally  recelyed  by  philosophers;  and  I 
cannot,  for  my  part,  conceive  any  other.  It  is  taken  for  granted 
as  the  foundation  of  the  Daltonian  theory  ;  and,  I  presume,  will 
be  readily  admitted  by  every  one  without  hesitation. 

2.  In  cases  of  the  chemical  union  of  one  body  with  another, 
the  substances  combined  are  dispersed  every  where  through  the 
whole  mass.     Thus  chalk  is  a  compound  of  lime  and  carbonic 

•  ^cid,'  Now  how  minute  a  portion  soever  of  chalk  we  take,  we 

*  shall  find  it  to  contain  both  lime  and  carbonic  acid.  How 
minute  a  portion  soever  of  water  we  take,  we  shall  find  it  to 
contain  both  oxygen  and  hydrogen.  How  minute  a  portion 
soever  of  saltpetre  we  examine,  we  shall  find  it  to  contain  both 
nitric  acid  and  potash.  Now  this  could  not  be  the  case  unless 
the  atoms  of  the  combining  bodies  united  with  each  other. 
This  accordingly  is  the  opinion  universally  entertained  respecting 
chemical  combinations.  It  has  been  long  generally  admitted, 
and  does  not  therefore  require  any  farther  illustration. 

3.  All  chemical  compounds  contain  the  same  constant  pro- 
portion of  constituents  with  the  most  rigid  accuracy,  no  variation 
whatever  ever  taking  plsce.  Water  is  universally  composed  of 
1  part  of  hydrogen  and  J '5  parts  of  oxygen ;  sulphuric  acid,  of 
1  part  of  sulphur  and  1*5  part  of  oxygen ;  carbonic  acid,  of  1 
part  of  carbon  and  2*7  parts  nearly  of  oxygen,  by  weight.  This 
permanency  of  chemical  compounds  is  generally  admitted.* 
Indeed,  the  whole  science  of  cliemistry  is  founded  on  it,  and 
depends  upon  it.  Even  Berthollet,  who  contends  for  indefinite 
proportions  in  the  abstract,  admits  the  incontrovertible  fiact  that 
the  proportions  of  chemical  combinations  in  general  are  perma- 
nent. 

4.  Tills  permanency  of  chemical  compounds  cannot  be  owing 
to  any  thing  else  than  to  the  union  of  a  certain  determinate 
imml^er  of  the  atoms  of  one  constituent  with  a  certain  determi- 
nate number  of  the  atoms  of  the  other.  Let  us  suppose  water 
the  compound.  Let  the  number  of  atoms  of  oxygen  which 
unite  be  x,  and  of  hydrogen  y^  then  an  integrant  particle  of 
water  will  in  every  case  be  jc  -f  y.  ^ 

5.  Oxygen  has  the  property  of  uniting  with  different  bases  in, 
various  proportions,  sometimes  in  two,  sometimes  in  three,  four, 
or  even  six  proportions  with  the  same  base.  Thus  with  azote  it 
unites  in  four  proportions,  with  carbon  in  two,  with  mercury  in 
two,  and  so  on.  Now  if  we  represent  the  weight  of  base  with 
which  the  oxygen  unites  by  a,  and  suppose  all  the  different  pro- 
portions of  oxygen  to  unite  with  this  portion  of  base ;  and  if  we 
QOMilelbe  fint  portion  of  os^ygen  by  b;  then,  in  general^  the 
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constituents  of  the  different  compounds  formed  by  the  union  of 
the  different  doses  of  oxygen  with  the  base  will  be  as  follows  2-^ 

1st  compound,  a  +  i 
2d  compound,  a  •\-2b 
Sd  compound,  a  +Sb 
4th  compound,' a  +4i 

Suppose  10  parts  of  oxygen  enter  into  the  fir^t  compound^  theii 
20  parts  enter  into  the  second  compound^  30  parts  into  the  third 
compound,  and  40  parts  into  the  fourth  compound.  HencCj 
whatever  number  of  atoms  of  oxygen  enter  into  the  first  com- 
pound, twice  that  number  enters  into  the  second,  thrice  into  the 
third,  and  four  times  that  number  into  the  fourth. 

Hence  it  is  clear  that  there  is  a  determinate  number  of  atoms 
kX  oxygen  which  always  enter  into  tliese  combinations*  If  we 
represent  this  number  by  j;,  then  a+x  is  the  first  compound j  ' 
a4-2x  the  second,  a  +  ^x  the  third,  and  a  4- 4  a:  the  founh. 
Now  it  would  be  singular  if  2,  3,  4,  &c.  atoms  of  oxygen  were 
to  be  always  inseparately  linked  together,  so  as  never  to  be  able 
to  enier  into  combinations  separate.  It  is  much  more  simple  td 
conceive  that  x  represents  only  one  atom.  Even  though  the 
opinion  should  not  be  mathematically  true,  still  it  would  be 
proper  to  adopt  it  :^  for  as  far  as  our  calculation^  are  concerned,  ai 
number  of  atoms  of  oxygen  constantly  and  invariably  united 
constitute  a  compound  atom,  about  which  we  may  reason  as 
accurately  and  justly  as  we  could  about  the  simple  atoms  them- 
selves. Indeed,  I  think  that  x  certainly  represents  one  atom 
only;  for  oxygeii  gas  being  a  permanently  elastic  fluid,  must 
consist  of  atoms  that  repel  each  other.  Hence  I  conceive  that 
a  compound  atom  of  oxygen,  or  a  number  of  atoms  of  it  united 
together,  is  impossible.  And  if  x  consisted  of  atoms  iiot  united 
together,  I  can  see  no  reason  why  the  same  number  should  unitd 
in  eviery  case  (or  a  multiple  of  it)  with  other  bodies. 

This  reasoning  may  be  applied  to  hydrogen  as  well  as  oxygen ^ 
Hydrogen  has  tne  property  of  uniting  in  different  proportions 
with  various  bodies,  as  with,  carbon,  phosphorus,  sulphur,  &c. 
In  these  different  proportions  we  find  the  hydrogen  always 
denoted  by  y,  2  ?/,  &c.  Hence  we  have  every  reason  to  con- 
clude that  y,  which  represents  the  proportion  of  hydrogen  which 
unites  with  the  other  constituent  in  these  cases  is  an  atom. 

The  numbers  x  and  y  are  easily  discovered,  by  making  an 
accurate  analysis  of  the  different  compounds  into  which  various 
proportions  of  oxygen  and  hydrogen  enter,  and  when  reduced  to 
their  lowest  terms  they  are  very  nearly  a:=7*^  ^"^  2/~  ^'  Hence 
fliese  numbers  represent  the  ratios  of  the  weight  of  an  atom  of 
ojcygen  and  an  atom  of  hydrogen  to  each  other.  Now  it  deserved 
utteotion'that  these  numbers  represent  the  composition  of  waters 

c  2 
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For  it  has  been  ascertained,  I  think,  with  precision,  that  water 
is  composed  of  100  measures  of  oxygen  gas,  and  200  me9sures 
of  hydrogen  gas.  •  Now  the  specific  gravity  of  these  gases  are  as 
follows : — 

Oxygen    , . .  .1'104 

Hydrogen   0-073 

Hence  water  is  composed  by  weight  of 

Oxygen .7*56 

Hydrogen .1*00 

From  this  coincidence  we  are  entitled  tp  conclude  that  water 
is  formed  by  the  union  of  an  atom  of  oxyjgen  to  an  atom  of 
hydrogen.  Tliis  very  important  conclusion  is  supported  by  other 
considerations.  Oxygen  and  hydrogen  have  never  been  made  to 
combine  in  any  other  proportion  than  that  in  which  they  exist  in 
water.  Hence  this  proportion  must  be  that  which  unites  most 
readily,  and  with  the  greatest  force.  Now  as  the  atoms  of 
hydrogen  repel  each  other,  as  is  the  case  also  with  the  atoms  of 
oxygen  ;  and  as  hydrogen  is  attracted  by  oxygen  ;  it  is  obvious 
that  when  they  are  mixed  equably,  as  is  the  case  when  200 
measures  of  hydrogen  gas,  and  100  measures  of  oxygen  gas,  are 
put  into  a  tube,  and  fired  by  electricity,  they  w^l  most  readily 
unite  atom  to  atom.  This,  though  not  in  itself  decisive,  is  a 
corroborating  circumstance.  It  follows  from  it  that  a  given  bulk 
of  hydrogen  gas  contains  only  one-half  the  number  of  atoms 
that  exist  in  the  same  bulk  of  oxygen  gas. 

6.  Knowing  the  weight  of  an  atom  of  oxygen  and  of  an  atom 
of  hydrogen,  we  have  it  in  our  power  to  determine  the  weight 
of  an  atom  of  the  other  substances  which  unite  with  oxygen,  or 
with  hydrogen,  or  with  both.  For  example,  100  parts  of  sul- 
phur unite  with  two  proportions  of  oxygen,^  the  first  consisting 
of  100,  the  second  of  150  parts,  both  in  weight.  Here  the 
proportions  of  oxygen  being  to  each  other  as  the  numbers  1,  k-^, 
or  as  2,  3,  it  is  reasonable  to  suppose  that  the  first  portion  repre- 
sents two  atoms  of  oxygen,  and  the  second  three  atoms ;  and 
that  there  is  another  compound,  consisting  of  sulphur  united 
with  one  atom  of  oxygen,  not  yet  discovered.  If*  this  supposi- 
tion be  reasonable,  it  follows,  that  the  weight  of  sulphur  which 
enters .  into  these  combinations  represents  an  atom  of  that  sub- 
stance. Therefore  100  represents  an  atom  of  sulphur,  and  100 
two  atoms  of  oxygen  ;  so  that  an  atom  of  sulphur,  it  appears^ 
is  just  double  the  weight  of  an  atom  of  oxyge;i. 

We  have  it  in  our  power  to  verify  this  reasoning,  by  means  of 
the  combinations  which  sulphur  makes  with  hydrogen.  It  has 
been  ascertained  that  100  measures  of  hydrogen  gas,  when  they 
wunt  with  sulphur,  do  not  alter  their  bulk^  but  merely  tibeir 
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specific  gravity.  Hence,  in  order  to  determine  the  constituents 
of  sulphureted  hydrogen  gas  with  perfect  accuracy,  we  have 
only  to  ascertain  correctly  the  specific  gravity  of  hydrogen  gas 
and  of  sulphureted  hydrogen  gas.    Now 

100  cubic  inches  of  hydrogen  gas  weigh    ....  2*230  gr. 
100  cubic  inches  of  sulphureted  hydrogen  • .  .35*890 

Hence  it  follows  that  sulphureted  hydrogen  gas  is  composed  of 

Hydrogen   2*23    or     1*00 

Sulphur 33*66  15*09 

This  shows  us  that  if  sulphureted  hydrogen  gas  is  composed  of 
an  atom  of  hydrogen  united  to  an  atom  of  sulphur  (and  hardly 
any  other  supposition  seems  admissible),  then  if  an  atom  of 
hydrogen  weigh  1,  an  atom  of  sulphur  will  weigh  15*09.  The 
combination  of  oxygen  and  sulphur  gave  us  15*12  for  the  weight 
o^  an  atom  of  sulphur.  Thus  the  two  processes  of  reasoning 
lead  to  the  same  conclusion,  since  the  difference  between  15*00 
and  15*12  is  only  t^tt*  '^^^^  ^^  ^  ^^^^  ^  coincidence  as  it  is' 
possible  to  obtain  from  chemical  experiments,'  where  absolute 
precision,  from  the  nature  of  our  processes,  is  impossible. 

By  a  similar  mode  of  reasoning,  we  may  determine  with 
considerable  accuracy  the  weight  of  an  atom  of  azote,  phos- 
phorus, carbon,  and  the  metals.  It  would  be  tedious  to  state 
the  methods  here  at  full  length ;  but  some  of  the  most  important 
of  them  will  be  given  afterwards. 

It  is  hardly  necessary  to  observe,  how  very  powerfully  a  parti- 
cular conclusion  is  confirmed  when  we  arrive  at  it  joy  different 
processes.  This  advantage  we  have  in  full  perfection  when  we 
set  about  determining  the  weight  of  the  atoms  of  the  simple 
substances.  In  most  cases  we  come  to  the  same  conclusion  by 
two,  three,  or  four  different  methods.  The«K:  coincidences,  1 
think^  could  not  exist,  unless  the  conclusion  were  well  founded. 

7*  I  shall  terminate  this  pait  of  the  subject  with  Mr.  Dalton^s 
canons  for  the  combination  of  the  atoms  of  bodies  with  each 
other.  They  are  very  ingeniously  contrived,  and  their  truth,  I 
conceive,  will  be  readily  admitted  by  every  person  who  pays  due 
attention  to  the  subject: — 

1st.  When  only  one  combination  of  two  bodies  can  be  ob- 
tained, it  must  be  presumed  to  be  a  binary*  one,  unless  some 
cause  appear  to  the  contrary. ' 

2d.  When  two  combinations  are  observed,  they  must  be  pre- 
sumed to  be  a  binary  and  a  ternary. 

*  By  binmry,  Mr.  Dalton  means  a  compound  of  one  atom  of  one  body  with 
one  atom  of  another ;.  by  Urnary,  a  compovad  of  one  atom  of  one  body  with 
two  atoms  of  another  $  and  so  on. 
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3d.  When  three  combiDations  are  observed^  we  may  expeei 
pne  to  bp  imiari/j  and  the  other  two  ternary.^ 

4th.  When  four  combinations  are  observed,  we  should  expect 
pne  Ibiary^  two  ternary^  and  one  quateimaryj  &c. 

5th.  A  binary  compound  should  always  be  specifically  heavier 
than  the  mer^  mixture  of  its  two  ingredients. 

6th.  A  ternary  compound  should  be  specifically  heavier  than 
the  mixture  of  a  binary  and  a  simple,  which  would,  if  com- 
bined, constitute  it,  &c. 

7th.  The  above  rules  and  observations  equally  apply,  when 
two  bodies,  such  as  C  and  D,  D  and  liL,  &c.  are  combined.* 

If  the  observations  of  Gay-Lussac  be  correct,  nitrous  gas 
constitutes  an  exception  to  Mr.  Dalton's  5th  rule.  It  will  come 
under  our  examination  hereafter. 

II.  Chemical  Canons  founded  on  the  alove  Theory,  hut  deduced 

from  Analysis, 

1 .  When  gaseous  bodies  combine  they  always  unite  in  deter- 
minate proportions ;  and  if  w^e  represent  the  bulk  of  the  gas  that 
enters  into  the  compound  in  the  smallest  quantity  in  bulk  by  I^ 
then  the  bulk  of  the  other  constituent  is  either  1,  2,  or  3. 
Thus  muriate  of  ammonia  is  composed  of  1  muriatic  acid  -f  1 
ammonia  iu  bulk ;  carbonate  of  ammonia,  of  1  carbonic  acid 
+  1  ammonia ;  nitrous  gas,  of  1  azote  -J-  I  oxygen ;  water,  of 
1  oxygen  -f  2  hydrogen;  gaseous  oxide  of  azote,  of  1  oxygen 
+  2  azote ;  nitrous  acid,  of  I  azote  +  2  oxygen,  or  of  1 
oxygen  +  2  nitrous  gas;  sulphuric  acid,  of  1  oxygen  +  2 
sulphurous  acid;  carbonic  acid,  of  1  oxygen  +  2  oxide  of 
carbon;  ammpnia,  of  1  azote  4-  3  hydrogen;  nitrous  acid  gas, 
of  1  oxygen  +  3  nitrous  gas.  This  canon  has  been  established 
by  Gay-Lussac,  I  think^  in  a  satisfactory  manner,  f  The  only 
one  of  his  conclusions  which  is  still  doubtful  is  that  nitrous  acid 
is  a  coiiipound  of  2  nitrous  gas  -f-  1  oxygen  gas.  At  least  I 
have  not  been  able  to  make  the  two  gases  unite  exactly  in  that 
proportion.  This  canon  is  obviously  connected  with  the  Dal- 
tonian theory.  It  is  simple  and  beautiful,  and  of  considerable 
utility  in  practical  chemistry.  ' 

2.  The  quantity  of  acid  requisite  to  saturate  the  different* 
jnetals  is  directly  as  the  quantity  of  oxygen  which  these  metals 
require  to  convert  them  into  oxides.  Thus  100  parts  of  mercury 
require  4*16  parts  of  oxygen,  and  100  part**  of  silver  require 
7*9  parts  of  oxygen,  to  convert  them  into  oxides^  Therefore 
the  quantity  of  acid  necessary  to  saturate  100  parts  of  mercury 

♦  DaUoD'8  New  System  of  Chemistry,  vol.  i.  p.  214, 
+  Mgn.  d*Arcuei],  vol.  ii.  p.  207, 
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is  to  the  quantity  necessary  to  saturate  100  parts  of  silver  as  the 
number  4- 16  to  7*9.  This  law  was  first  pointed  out  by  Gay- 
Lussac.*  It  may  be  expressed  in  the  following  manner,  which 
adapts  it  better  to  the  purposes  of  the  chemist.  When  different 
metallic  oxides  saturate  the  same  weight  of  acid,  each  contains 
exactly  the  same  weight  of  oxygen.  According  to  Berzelius,  in 
Older  to  saturate  100  parts  of  muriatic  acid,  a  metal  must  b^ 
comhdned  with  42  parts  of  oxygen  ;  to  saturate  100  of  sulphuric 
acid,  it  must  be  combined  with  20  parts  of  oxygen. 

I  believe  that  this  law  applies  only  to  those  metals  which  are 
precipitated  by  each  other,  namely,  gold,  silver,  mercury^ 
copper,  lead,  cobalt,  and  perhaps  iron,  zinc,  and  one  or  two 
others.  The  other  metals,  1  conceive,  follow  a. different  law  ; 
and  it  is  because  they  follow  a  different  law  that  they  are  not 
precipitated.  This  will  appear  more  obviously  hereafter,  when 
we  come  to  examine  the  constitution  of  the  metallic  salts. 

3.  When  sulphur  combines  with  a  metal,  the  proportion 
remains  unchanged,  though  the  sulphur  be  converted  into  an 
acid,  and  the  metal  into  an  oxide.  Thus  the  proportion  of 
metal  and  sulphur  in  sulphate  of  copper  is  the  sa/ne  ^s  in  sul- 
phuret  of  copper.  Hence  sulphuret  of  lead,  when  treated  with 
nitric  acid,  is  converted  into  neutral  sulphate  of  lead,  sulphuret 
of  antimony  into  sulphate  of  antimony,  and  so  on.  This  law, 
which  is  of  great  importance  in  practical  chemistry,  and  very 
much  facilitates  the  analysis  of  the  metalline  salts,  was  first 
pointed  out  by  Befzelius. 

4.  The  oxygen  in  a  metallic  protoxide  is  equal  to  half  the 
sulphur  in  the  sulphuret  of  the  same  metal,  supposing  the 
weight  of  the  metal  in  both  cases  100.  This  canon  was  first 
specified  by  Berzelius.  It  depends  obviously  upon  the  fact  above 
established,  that  an  atom  of  sulphur  is  twice  the  weight  of  an 
atom  of  oxygen,  and  holds  only  in  those  cases  where  the  prot- 
oxide is  a  compound  of  one  atom  of  metal,  and  one  atom  of 
oxygen  ;  and  the  sulphuret,  of  one  atom  of  metal,  and  one 
atom  of  sulphur.  It  may  hold  also  when  the  oxide  contains  two 
atoms  of  oxygen,  and  the  sulphuret  two  atoms  of  sulphur.  This 
is  the  case  with  the  black  oxide  of  iron  and  magnetic  pyrites* 
Hence  the  canon  is  of  some  utility  by  enabling  us  the  better 
to  determine  the  constitution  of  the  sulphurets;  which,  like  the 
oxides,  are  susceptible  of  considerable  variation. 

5.  In  combinations  of  two  bodies  containing  each  a  quantity 
of  oxygen,  the  weight  of  oxygen  in  each  body  is  cither  equal,^or 
one  contains  twice,  thrice,  four  times,  &c.  as  far  as  eight  times, 
the  quantity  of  oxygen  in  the  other.  This  law  has  been  laid  down 
by  Berzelius  3  f  but  I  must  acknowledge  I  entertain  considerable 

*  Mem.  d'Arcueil,  ii,  157.  t  Aon.  de  Ctim.  Izxxlii.  Ii9r 
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doubts  about  its  accuracy.  It  will  be  better  to  leave  the  iovesti- 
gation  of  the  subject  till  we  come  to  examine  the  composition 
of  the  different  salu^  in  all  of  which  the  two  constituents  con- 
tain ox:ygen.  If  it  hold  it  will  indicate  a  certain  regularity  in 
the  relative  weights  of  the  atoms  of  bodies  which  I  have  not  yet 
observed. 

6.  Water  is  capable  of  combining  both  with  acids  and  bases. 
When  it  unites  with  an  acid  it  acts  the  part  of  a  base,  and  con- 
tains the  same  quantity  of  oxygen  that  the  base  would  contain. 
Therefore  the  least  quantity  of  water  that  can  combine  with 
sulphuric  acid  must  contain  20  parts  of  oxygen.  Hence  the 
strongest  possible  sulphuric  acid  is  a  compound  of 

Acid 77i 

Water 22|. 

100 

When  the  water  combines  with  a  base,  it  acts  the  part  of  ap 
acid,  and  combines  in  the  same  proportion.  Hence  such  com- 
pounds are  called  hydrates.  This  canon  has  also  been  laid  down 
by  Berzeli.js.  I  must  confess  that  I  have  not  hitherto  met  with 
sufficient  evidence  of  its  accuracy  to  induce  me  to  put  much 
confidence  in  it ;  but  we  shall  be  able  to  judge  better  when  we 
come  to  examine  the  constitution  of  the  hydrates^  than  we  can 
at  present. 

7.  In  combinations  composed  of  more  than  two  bodies  con- 
taining oxygen,  the  oxygen  of  that  constituent  which  contains 
the  least  of  it  is  a  common  divisor  of  all  the  portions  of  oxygen 
found  in  the  other  bodies.  This  law,  likewise  laid  down  by 
Berzelius,  evidently  depends  upon  the  kind  of  combination 
which  these  bases  make  with  oxygen.  If  they  are  each  combi- 
Bations  of  one  atom  of  base  with  one  atom  of  oxygen,  the 
quantity  of  oxygen  present  in  aU  will  be  the  same.  If  one  is  a 
protoxide,  and  anptheip  a  deutoxide,  theh  the  one  will  contain 
double  the  quantity  of  oxygen  in  the  other.  And  since  oxygen 
always  unites  by  atoms,  it  is  obvious  that  all  the  quantities  of 
oxygen  will  be  divisible  by  one  atom  of  oxygen.  Hence  the 
law. 

If  we  were  accurately  acquainted  with  the  constitution  of  the 
earths,  this  law  would  be  of  great  importance  to  the  mineral- 
ogist, (t  would  enable  him  to  distinguish  between  chemical 
combinations  and  mechanical  mixtures.  I  have  no  doubt  that  it 
will  ultimately  throw  a  new  light  upon  the  chemical  analysis  of 
minerals  ;  even  at  present  it  may  be  applied  with  some  success, 
taking  the  imperfect  knowledge  that  we  have  as  a  basis. 

8.  When  two  combustible  bases  unite  they  always  combine  in 
«uch  a  proportion  that^  when  oxydized^  eitner  the  quantity  of 
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oxygen  uniting  with  each  would  be  the  same,  or  the  oxygen  in 
the  one  would  be  twice,  thrice,  &c.  that  in  the  other.  This  is 
another  law  laid  down  by  Berzelius,  and  obviously  depends  upon 
this  &ct,  that  the  two  bodies  must  either  unite  atom  to  atom^  or 
a  certain  number  of  atoms  of  the  one  must  combine  with  one 
atom  of  the  other. 

This  law  might  be  applied  successfully  to  determine  whjch  of 
the  metallic  alloys  are  chemical  combinations,  and  which  are 
mechanical  mixtures.  For  example,  there  can  be  no  doubt  that 
copper  and  zinc  combine  chemically.  Now  from  the  following 
table  it  will  appear  that  the  weight  of  an  atom  of  these  metals 
is  as  follows : — 

Copper   8*000 

Zinc 4-315 

Therefore,  if  they  unite  atom  to  atom,  brass  ought  to  be  a 
compound  of  100  copper  and  53*93  zinc.  Now  if  any  person 
will  be  at  the  trouble  to  analyse  brass,  he  will  find  that  this  is 
very  nearly  the  proportion'  of  the  ingredients. 

In  like  manner  bell-metal  seems  to  be  a  compound  of  5 
atoms  of  copper  to  1  atom  of  tin ;  and  the  metal  for  mirrors,  of 
4  atoms  of  copper  and  1  atom  of  tin.  If  mercury  unites  atom 
to  atom  with  tin,  it  ought  to  dissolve  somewhat  less  than  half 
Its  weight  of  that  metal.  'And  if  the  same  law  holds  with  zine^ 
it  ought  to  dissolve  about  -^th  of  its  weight  of  that  metal. 

in.    Relative  Weight  of  the  Atoms  of  different  Substances 

determined  from  Chemical  Analysis, 

Before  we  pan  draw  up  a  table  of  the  relative  weights  of  the 
atoms  of  bodies,  we  must  fix  upon  some  one  whose  atom  shall 
be  represented  by  unity.  Mr.  Dalton  has  made  choice  of 
hydrogen  for  that  purpose,  because  it  is  the  lightest  of  all  known 
bodies.  Sir  Humphry  Davy  has  followed  his  example ;  but  he 
has  doubledsthe  weight  of  an  atom  of  oxygen,  and  consequently 
of  all  other  bodies,  by  the  arbitrary  supposition  that  water  is 
composed  of  two  atoms  of  hydrogen  and  one  of  oxygen.  Dr. 
Wollaston  and  Professor  Berzelius  have  both  proposed  the  atom 
of  oxygen  as  the  most  convenient  unit :  nor  can  there  be  any 
hesitation  in  embracing  their  plan.  Oxygen  is  in  fact  the 
substance  by  means  of  which  the  weight  of  the  atoms  of  almost 
all  other  bodies  is  determined.  It  enters  into  a  mwth.  greater 
number  of  combinations  than  any  other  known  body ;  hence  the 
great  advantage  attending  a  convenient  number  for  that  body  to 
the  practical  chemist. 

It  would  remove  a  ^reat  deal  of  confusion,  which  is  at  pre- 
sent very  conspicuous  in  this  department  of  the  science,  if 
chemists  would  agree  to  represent  the  weight  of  the  atoms  by 
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'the  same  numbers.  The  following  table  is  submitted  to  the 
chemical  world  as  more  convenient  than  the  methods  hitherto 
followed;  and  as  the  means  employed  in  determining  the  num- 
bers is  every  where  stated,  it  were  to  be  wished  that  they  were 
adopted  l)y  chemists  in  general,  as  far  as  they  are  accurate.  If 
the  same  numbers  were  steadily  employed  by  all  persons,  they 
would  soon  be  recollected  by  chcmi-sts,  who  would  thus  be  al)ie 
to  state  the  composition  of  every  compound  without  being 
.  obliged  to  refer  to  a  book.  The  utility  of  such  a  recollection  to 
the  practical  chemist  is  too  obvious  to  be  pointed  out. 

Weight  of  an  atom. 

1.  Oxygen   , 1-000 

2.  Hydrogen 0- 132 

3.  Carbon 0  751  » 

4.  Azote 0-878  ♦> 

5.  Phosphorus ,  . .  1-320  ^ 


^  This  is  obtained  fjoni  carbonic  acid,  which  I  conceive,  with 
Palton,  to  be  a  coiiipound  of  2  atoms  of  cxygen  and  1  atom  of 
carbon.  When  cliarcoal  is  ])uriied  in  oxygen  gas,  the  bulk  of 
the  gas  is  not  altered,  it  is  merely  changed  into  carbonic  acid. 
Hence  if  from  the  weight  of  100  cubic  inches  of  carbonic  acid 
gas  =  46-313  grains,  we  snl)tract  the  weight  of  100  cubic 
inches  of  oxygen  gas  =  33-672  grains,  the  remainder  =  12*641 
grains  gives  us  the  weight  of  carbon  in  ICO  cubic  inches  of 
/carbonic  acid  gas.  This  shows  us  that  carbonic  acid  is  composed 
of  27*29  parts  of  carbon  and  72-71  of  oxygen.  My  analysis  of 
defiant  gas  gives  0*748  for  the  weight  of  an  atom  of  carbon, 
which  comes  very  near  the  preceding. 

y  This  number  is  obtained  from  nitrous  gas,  which,  I  think, 
^Mr.  Dalton  has  successfully  shown  to  be  a  compound  of  1  atom 
;i;'.()tc  ;.nd  I  atom  oxygen  ;  and  Gay-Lussac  has  proved  it  to  be 
a  cc)nij)ouiHl  of  equal  measures  of  azotic  gas  and  oxygen  gas. 
"We  number  adopted  by  Sir  H.  Davy  to  represent  an  atom  of 
azote  when  reduced  to  our  proportions  would-be  0-S60,  and  that 
of  Mr.  Dalton  0*714.  Ammonia  gives  us  a  different  ratio  if  wc 
supi)Ose  it,  with  Djjilton,  to  be  a  compound  ^f  1  atom  of 
hydrogen  and  1  atoij^  of  azote.  The  weight  of  an  >atom  of  azote 
in  that  case  would  he  0-5S4 ;  but  if  Ave  consider  ammonia  as 
composed  of  2  atoms  of  hydrogen  and  1  atom  of  azote,  then  the 
weight  of  an  atom  of  azote  comes  out  0*876,  Hence  I  conceive 
ammonia  to  be  a  ternary  compound. 

^  This  number  is  deduced  from  phosphoric  acid.     Sir  H. 

..l)ayy  has  ascertained  that  the  quantity  of  oxygen  in  phosphoric 

|uci4  is  double  of  that  in  phosphor9us  acid.    Hence^  I  thinl> 
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Weight  lef  an  atonr. 

6.  Sulphur '.2000 

7.  Boron . , 

Number  of  Weight  of  a 

atoms,  particle. 

8.  Water,  composed  of    ..lo   +   iA 1'132  ^ 

9.  Carbonic  oxide \  o  +    \  c 1'751  * 

10.  Carbonic  acid    ....2o  +    \  c 2:7^1 

11.  Nitrous  gas  ^ 1  o  +   1  a 1*878 


it  follows,  that  phosphoric  acid  is  a  compound  of  1  atom  of 
phosphorus  and  2  atoms  of  oxygen.  Farther,  it  has  been  ascer-' 
tained  that  when  phosphorus  is  burrit  in  oxygen  gas  each  grain 
of  phosphorus  absorbs  4\  cubic  inches  of  oxygen.  Therefore 
phosphoric  acid  is  composed  of  100  phosphorus  and  15 1*52  .of 
oxygen^  and  phosphorous  acid  of  100  phosphorus  and  75*7^  of 
oxygen  :  and  an  atom  of  oxygen  is  to  an  atom  of  phosphorus  as 
75*76  to  100,  or  as  1  to  1-320  nearly. 

^  I  conceive  water  to  be  a  binary  compound.  The  opinion 
advanced  by  Sir  H.  Davy,  that  it  is  a  ternary  compound  of  an 
atom  of  oxygen  united  to  2  atoms  of  hydrogen,  cannot,  I  think, 
be  supported. 

*  It  h^s  been  ascertained  by  accurate  experiments  that  100 
measures  of  carbonic  oxide  for  complete  combustion"* require  50 
measures  of  oxygen  gas,  and  that  the  residue  is  100  measures  of 
parbonic  acid  gas.  Hence  it  follows  that  the  quantity  of  oxygen 
in  dirbonic  acid  is  just  double  what  exists  in  carbonic  oxide, 
while  the  quantity  of  carbon  in  both  is  the  same.  Berthollet's 
objections  to  this  conclusion  are  inadmissible.  He  seems,  indeed, 
to  have  given  up  the  point  himself. 

'  The  determination  of  the  compounds  into  which  azote  and 
oxygen  enter  is  attended  with  considerable -difficulty.  The  reason 
for  considering  nitrous  gas  as  a  binary  compound,  and  its  ana- 
lysis, have  been  stated  before.  1  consider  it  as  exactly  deter- 
mined. The  reasons  assigned  by  Dalton  for  considering  nitrous 
oxide  as  a  compound  of  2  atoms  of  azote  and  1  atom  of  oxygen, 
seem  to  me  conclusive  :  and  Gay-Lus?ac  has  shown  that  it 
contains  just  twice  as  much  azote  as  nitrous  gas,  supposing  the 
oxygen  in  both  the  same.  Hence  its  composition  must  be  as 
stated  in  the  table.  The  acid  analysed  by  Cavendish  and  Davy, 
and  called  nitric  acid,  I  conceive  to  have  been  in  fact  nitrous 
acid.  What  Mr.  Dalton  calls  oxy-nitric  acid  is  true  colourless 
nitric  acid,  which  seems  only  to  exist  in  combination  with  water 
gr  a  base,    Tlii*  I  infer  from  the  recent  experiments  of  Chevreul 
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Number  of  Weight  of  an 

atoms.  integrant  particle. 

12.  Nitrous  oxide .1  o  +  2  a 2756 

13.  Nitrous  acid 2  o  +  1  a 2-878 

14.  Nitric  add 3  o  +  la 3-878 

15.  Phosphorous  acid lo  -}-  Ip..*..  .2-320 

16.  Phosphoric  acid 2  o  +  1  p 3-320 

17.  Sulphurous  acid 2  0  +  I  s 4-000 

18.  Sulphuric  acid 3  0  +  1  i .5-000 

19.  Olefiant  gas 1  A  +  1  c 0-883  « 

20.  Carbureted  hydrogen  . .  .2  A  +  1  c 1-015 

21.  Ammonia 2  A  +  1  a.. 1-142  »• 

22.  Hydrophosphoric  gas  . .  .2  A  -f  1  p  . .  • . .  .1*584  » 


on  the  nitrites  of  lead.  What  is  usually  called  nitrous  acid  is  a 
compound  of  1  integrant  particle  of  nitric  acid  with  1  integrant 
particle  of  nitrous  gas.  But  such  a  compound  cannpt  be  made 
to  unite  with  bases.  Yet  it  is  obvious  that  nitrous  acid  is  capable 
of  forming  permanent  salts.  This  was  shown  long  9go  by 
Scheele,  and  still  more  recently  by  Chevreul. 

*K  This  corresponds  exactly  with  my  analysis  of  olefiant  gas. 
My  analysis  of  carbureted  hydrogen  gas  does  not  correspond 
quite  so  well ;  though  the  difference  is  not  greater  than  between 
the  result  of  my  analysis  and  that  of  Mr.  Dalton,  and  others 
who  have  examined  this  gas.  I  consider  the  proofs  adduced  by 
Mr.  Dalton  respecting  the  composition  of  these  two  gases  at 
conclusive.  I  have  made  too  many  experiments  on  them  myself 
to  l)e  capable  of  yielding  my  assent  to  the  statements  of  Ber- 
thollet  on  the  subject^  as  given  in  Cuvier's  account  of  the  labours 
of  the  Institute  for  18125  which  will  be  found  in  a  preceding 
number  of  this  Journal. 

^  I  have  stated  my  reasons  before  for  considering  ammonia  as 
a  compound  of  t  atoms  of  hydrogen  and  1  atom  of  azote. 
There  is  still  something  mysterious  about  the  composition  of  this 
substance. 

'  This  composition  is  founded  on  Sir  H.  Davy's  analysis.  It 
will  be  seen  from  inspecting  the  table  that  the  weight  of  an  atom 
of  phosphorus  is  ten  times  as  great  as  the  weight  of  an  atom  of 
hydrogen.  Hence  supposing  this  gas  composed  of  2  atoms 
hydrogen  and  1  atom  phosphorus,  its  composition  by  weight 
would  be  100  hydrogen  and  500  phosphorus.  Now  Davy  found 
it  composed  of  100  hydrogen  and  489*56  phosphorus.  This  I 
consider  as  a  very  near  approximation,  for  a  first  analysis. 

We  have  no  data  for  determining  the  composition  of  phos- 
phureted  hydrogen,    Davy's  analysis  would  make  it  a  compound 
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Number  of  Weight  of  an 

atoms.  integrant  particle, 

23.  Phosphureted  hydrogen  3  A  +  1  p 

24.  Sulphureted  hydrqgen  . .  I  A  +  1  5  ..... .2-132  *^ 

25.  Sulphuret  of  carbon  ....Ic  +  2  s .2'751  * 

5?^  Carburet  of  phosphorus™  1  c  +  i  p. 

27.  Phosphuret  of  sulphur  ..IpH-    Is. 3*320  * 

28.  Potassium 5-000  • 


T- 


oS  3  atoms  of  hydrogen  and  1  atom  of  phqsphorus.  But  I  can 
hardly  believe  that  an  atom  of  phosphorus  can  be  capable  o^ 
condensing  so  great  a  quantity  of  hydrogen.  At  any  rate  the 
great  variation  in  the  specific  gravity  of  this  gas^  demonstrates 
that  two  or  more  different  gases  are  still  confounded  under  the 
same  name.  Dalton  has  supposed  it  a  compound  of  1  atom  of 
hydrogen  with  1  atom  of  phosphorus ;  but  this  is  not  very  likely. 
I  suspect  it  to  be  usually  mixed  with  hydrogen  gas. 

*^  Hydrogen  gas  is  converted  into  sulphureted  hydrogen  gas 
mthout  undergoing  any  change  of  volume.  Hence  its  compo- 
sition is  known  by  subtracting  2*23  the  weight  of  100  cubic 
inches  of  hydrogen  gas  from  35*89,  the  weight  of  100  cubic 
inches  of  sulphureted  hydrogen.  This  gives  us  its  constituents- 
2*23  hydrogen  and  33*66  sulphur.  Now  2*23  :  33*66  ::  0*132 
:  1-9924.  ^The  fourth  proportional  ought  to  have  been  2,  to 
agree  exactly  with  the  weight  of  an  atom  of  sulphur,  as  given 
in  the  table.  The  difference  is  only  38  ten  thousandth  parts, 
which  is  too  inconsiderable  to  deserve  any  attention.  Hence  I 
conceive  the  constitution  of  sulphureted  hydrogen  to  be  per- 
fectly determined.  ' 

'  This  is  the  compound  iformerly  called  alcohol  of  sulphuiv 
and  supposed  to  be  a  combination  of  hydrogen  and  sulphur. 
Berzelius  and  M&rcet^  as  well  as  Thenard  and  Vauquelin,  have 
determined  its  real  nature.  If  the  statement  in  the  text  be  cor- 
rect it  ought  to  be  a  compound  of  84*2  sulphur  and  15*8  carbon. 
Now  Berzelius  and  Marcet  found  84*83  sulphur  and  15*17 
carbon,  which  is  as  near  as  could  be  expected.  Hence  there  can 
be  no  doubt  respecting  the  constitution  of  this  substance. 

■*  We  have  no  data  to  determine  the  constitution  of  this 
compound,  though  there  can  be  no  doubt  that  it  exists.  Probably 
there  may  be  2  atoms  of  phosphorus  in  it  to  1  of  carbon ;  but! 
did  not  venture  to  state  that  opinion  in  the  table,  because  phos- 
phorus does  not  unite  in  that  way  in  other  cases. 

°  The  two  substances  may  be  melted  together  in  various  pro- 
portions; but  they  remain  liquid  at  the  lowest  temperature  when 
100  sulphur  and  66  phosphorus  are  melted  together.  Hence  I 
conceive  that  to  be  the  most  intimate  combination,  and  have 
accordingly  stated  it  in  the  table. 

^  From  the  experiments  of  Pavy,  compared  with  those  of 
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Weight  of  an  atoA» 

29.  Sodium  5-882  p 

30.  Barytium 8731  «      , 

31.  Strontium   .^ 5-900 

S2.  Calcium 2-620 

'    33.  Magnesium  1-368  ^ 


Gay-Lussac  hnd  Thenard;  I  think  it  follows  clearly  that  pure 
potash  is  a  compound  of  100  potassium  and  20  oxygen.  Gay- 
Lussac  apd  Thenard  have  shown  that  the  peroxide  of  potassium 
is  composed  of  100  potassium  and  60  oxygen.  {Recherches  Phy» 
sicO'ChimiqueSf  i.  132.)  What  they  consider  as  the  protoxide* 
I  believe  to.be  a  liiixture  of  potassium  and  potash.  These  data 
are  sufficient  to  constitute  potash  a  binary  compound,  and  the 
peroxide  a  quaternary  compound;  Hence  an  atom  of  potash 
must  weigh  five  times  an  atom  of  oxygen. 

P  From  the  experiments  of  Davy,  and  of  Gay-Lussac  and 
Thenard,  it  appears  that  soda  is  a  compound  of  100  sodium  and 
34-1  oxygen,  and  the  peroxide  of  sodium  of  100  sodium  and 
51-1  oxygen.  Now  34-1  is  to  51-1  as  2  :  3.  Hence  it  follows 
that  soda  must  be  a  compound  of  1  atom  of  sodium  and  2  atoms 
of  oxygen ;  and  the  peroxide  of  1  atom  of  sodium  and  3  atoms 
of  oxygen.  These  data  give  us  the  weight  of  an  atom  of  sodium 
as  in  the  table. 

*i  We  have  nfo  direct  data  for  determining  the  weight  of  an 
atom  of  barytium,  calcium,  and  strontium.  The  numbers  in 
the  table  have  been  calculated  from  one  of  the  canons  given  in 
a  preceding  part  of  this  essay  ;  namely,  that  the  portion  of 
bases  which  saturate  the  same  weight  of  acid  contain  the  same 
weight  of  oxygen.  Now  to  saturate  100  of  sulphuric  acid,  194 
of  barytes,  7^*41  of  lime,  and  138  of  strontian,  are  necessary. 
And  each  of  these  quantities  must  contain  20  oxygen.  Hence 
if  we  suppose  them  to  be  compounds  of  1  atom  of  base  and  I 
atom  of  oxygen  we  easily  deduce  the  numbers  in  thq  taJDle. 
They  agree  very  nearly  with  those  given  already  by  Davy  and 
Berzelius. 

'  This  number  is  determined  in  the  same  way  as  the  three  last/ 
We  have  not  sufficient  data  for  determining  the  weight  of  an  atom 
of  the  metallic  bases  of  the  earths  proper.  The  weight  of  an  • 
integrant,  particle*  of  some  of  these  earths  themselves  may  be 
determined  from  the  salts  into  which  they  enter  with  tolerable 
precision ;  and  if  we  were  to  consider  each  of  them  as  prot- 
oxides, it  would  be  easy  to  determine  the  weight  of  an  atom  of 
the  base  of  each.  But  I  do  hot  see  any  proof,  or  even  analogy, 
'  tbat  ean  lead  us  to  consider  them  as  protoxides.  It  would  serve 
no  purpG^^  therefore,  to  introduce  su6h  arbitrary  numbers  into 
^4riie«  i^rhapt  the  same  objection  will  be  made  to  the  bases 
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Number  of  Weight  of  an 

atoms.  integrant  particle. 

34.  Potash lp+    I  0 6-000 

35.  Peroxide  of  potash    1/)+   So 8-000 

36.  Soda Is  +   2o 7-882 

37.  Peroxide  of  soda    is  +   3  0 8-882 

38.  Barytes lb  +    1  0 .  .9-731 

39.  Strontian 1  iM-    1  0 6*900 

40.  Lime 1  /  +    1  0 3-620 

41.  Magnesia lm+    lo 2-368 

42.  Alumina 3-500  * 

43.  Glucina ' 3-600 

44.  Yttria 8-400 

45.  Zirconia 5-656 

46.  Silica 4-066  * 

47.  Gold 24-968  " 

48.  Platinum • 12-161  * 


of  the  alkaline  earths ;  but  they  stand  upon  rather  better  evi- 
dence, though  it  is  not  quite  satisfactory. 

*  This,  andthethreenurabersbelow.it,  though  founded  on 
the  best  analyses  of  the  salts  of  these  respective  earths  hitherto 
made,  ought  not  to  -be  much  depended  on,  especially  the  number 
for  yttria,  which  is  derived  from  Kluproth's  analysis  of  the  car- 
bonate of  yttria.  Of  all  the  genera  of  salts  the  carbonates  are 
the  least  to  be  trusted  in  such  cases ;  because  the  affinity  of  the  ' 
carbonic  acid  for  the  base  is  so  weak  that  the  salt  cannot  be  dried 
without  losing  a  considerable  portion  of  its  aeid. 

*  This  'number  is  derived  from  Mr.  John  Davy's  analysis  of 
silicated  fluoric  acid,  and  is  not  much  to  be  depended  on.  I 
have  inserted  it,  however,  that  the  numbers  for  the  earths  may 
be  complete.  They  will  be  found  of  considerable  importance  in 
examining  the  different  analyses  of  stony  bodies  liitherto  pub- 
lished. 

**  This  is  derived  from  the  experiments  of  Berzelius  on  the 
oxides  of  gold.  He  obtained  2  oxides ;  the  fii-st  composed  of 
100  gold  -h  4-005  oxygen  ;  the  second  of  100  gold  +  11*982 
oxygen.  Now  the  second  of  tliese  quantities  is  triple  the  otlien 
Hence  the  first  is  a  protoxide,  and  the  second  a  peroxide. 

*  This  number  is  also  deriyed  from  the  experiments  of  Ber- 
zelius. He  obtained  2  oxides  of  platinum  ;  ilie  one  composed 
of  100  metal  +  8287  /^,xygen,  the  second  of  100  metrjl  -f- 
16*36  oxygen.  Hence  we  are  warranted  to  consider  the  first  ap 
«  protoxide.  I  have  taken  the  meaii  of  tlie  two  results,  whiclj 
gives  8*223  for  the  oxygen  of  the  protoxide.  He  obtained  the 
Oist  oxide  by  precipitating  fresh  muriate  of  platinum  with 
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Weight  of  an  atom* 

49.  Sliver 12-618  y 

50.  Meroury 25000  * 

51.  Palladium 14.204  * 

52.  Copper 8000  ^ 

53.  Iron e-GGG  ^ 

54.  Nickel 3-623  ^ 

55.  Tin 14-705  ' 


caustic  alkali ;  the  second  by  digesting  oxy-sulphate  of  platinum 
in  caustic  alkali.  The  first  oxide  is  black,  the  second  yellowish 
brown.  {Ldrhok  i  Kemien,  ii.  421.)  The  results  obtained  by 
Chenevix  do  not  differ  materially  from  those  of  Berzelius. 

y  We  only  know  one  oxide  of  silver,  which  therefore  I  con- 
sider as  a  protoxide.  By  the  experiments  of  Berzelius  it  is 
composed  of  100  metal  4-  7*925  oxygen.  This  corresponds 
with  the  preceding  analysis  of  Bucholz.  {Ann.  de  Chim. 
Ixxviii.  115.) 

*  This  nearly  agrees  with  the  experiments  of  Sefstrom,  as 
related  by  Berzelius.  He  found  the  protoxide  a  compound  of 
100  metal  -h  3-99  oxygen,  the  peroxide  of  100  metal  +  7*59 
oxygen.  {Ldrhok  i  Kemien,  ii.  347.)  Fourcroy  and  Thenard 
found  the  protoxide  composed  of  100  metal  -j-  4- 16  oxygen, 
the -peroxide  of  100  metal  +  821  oxygen.  {Mem.  d'Arcueilj 
ii.  168.)  I  have  taken  4  as  tiie  intermediate  proportion  of 
oxygen  in  the  protoxide,  which  must  be  very  near  the  truth. 

^  Berzelius  states  the  oxide  of  palladium  to  be  composed  of 
100  metal  +  14-08  oxygen  {Lcirbok  i  Kemien,  ii.  405.)  The 
appearances  of  the  metal  when  dissolving  in  acids  leads  me  to 
consider  this  oxide  as  a  peroxide.  If  it  be  a  protoxide  the  weight 
of  an  ato(n  of  palladium  will  be  28*408. 

**  It  has  been  ascertained  by  very  exact  experiments  that  the 
protoxide  of  copper  is  composed  of  100  metal  -f  12*5  oxygen, 
and  the  peroxide  of  100  metal  -|-  25  oxygen.  {Ann,  de  Chim, 
Ixxviii.  107.) 

^  We  know  two  oxides  of  iron ;  the  first  composed  of  100 
metal  +  30  oxygen,  the  second  of  100  metal  -f  45  oxygen. 
Hence  the  first  must  be  a  deutoxide. 

**  We  are  acquainted  with  two  oxides  of  nickel;  the  first 
from  a  mean  of  the  experiments  of  Taputi,  Rolhoff,  and  Berze- 
lius, is  composed  of  100  metal  +  27*6  oxygen ;  the  second 
appears  from  Rolhofi^'s  experiments  to  be  composed  of  100 
imetal  +  41  oxygen.  Hence  the  first  must  be  a  deutoxide,  or 
a  compound  of  1  atom  of  metal  with  2  atoms  of  oxygen.  Tl.is 
gives  us  the  number  in  the  table. 

*  I  am  acquainted  with  two  oxides  of  tin  i  the  first  composed 


I8}3«i|    Definite  Proptn'tions  indwmkot  Qmlinations.        4^ 

Weight  of  an  atom. 

66*  Lead .25-974  ' 

57.  Zinc    ,4*315  « 

$8.  Bismuth 8*994  ** 

69.  Antimony ll'JLll  ^ 


\ 


of  100  metal  +  13*6  oxygen,  the  second  of  100  metal  4-  27*2 
oxygen.  Berzelius  describes  an  intermediate  oxide,  which  he 
calls  the  white  oxide,  and  which  is  composed  of  100  metal  ^ 
20*4  oxygen  {Ldrbok  i  Kemien,  ii.  253.)  Granting  the  existence 
of  this  oxide,  it  is  evident  that  the  first  must  be  composed  of  j[ 
atom  metal  and  2  atoms  oxygen,  or  that  it  is  a  deutoxide. 

'  We  know  three  oxides  of  lead;  namely,  the  yellow,  thai 
led,  and  the  brown,  composed  of  100  metal,  united  with  7*7f 
11 '55,  and  15*4  oxygen.  Now  these  numbers  are  to  eachothef 
88  2, 3,  4.  Hence  the  yellow  oxide  must  be  a  compound  of  l 
atom  metal  and  2  atoms  oxygen ;  which  giv^  us  the  weight  i^ 
an  atom  of  lead  as  in  the  table. 

<  In  my  System  of  Chemistry  I  have  stated  two  oxides  of  zinc 
on  the  authority  of  Clement  and  Desormes ;  but  from  examinioj^ 
the  salts  of  zinc  I  have-- satisfied  myself  that  up  such  oxide  %$ 
their  protoxide  exists^  Hence  I  consider  the  white  oxide  of  zinc 
as  a  compound  of  1  atom  metal  and  1  atom  oxygen.  Berzeliuf 
l^ndit  a  compound  of  100  metal  -f  24*4  oxygen;  Davy  of 
100  metal  +  21*951  oxygen  ;  my  analysis  gave  me  100  met^t 
+  23*5  oxygen,  which  is  nearly  a  mean  of  the  other  two.  I 
Iwe  chosen  23*175  as  probably  coming  nearest  the  truth. 

^  Bismuth  forms  only  one  known  oxide,  which  therefore  t 
conceive  to  be  a  compound  of  1  atom  of  metal  and  I  atom  of 
oxygen.  By  my  analysis  it  is  composed  of  100  metal  -f-  11*300 
oxygen;  by  Lagerhjelm's,  of  100  metal  -H  11-275  oxygea 
{Berzelius  Larlok  i  Kemieriy  li.  175) ;  by  Mr.  John  Davy's, 
of  100  metal  -|-  11*111  oxygen.  The  mean  of  these  gives 
11*229  for  the  oxygen.     Hence  the  number  in  the  table. 

*  We  know  two  oxides  of  antimony.  The  first,  according  if 
Mr.  John  Davy,  is  a  compound  of  100  metal  -f  17*647 
oxygen;  according  to  Berzelius,  of  100  nietal  -f  18*6  oxygen  : 
the  second,  according  to  Davy,  of  26*471  oxygen  4-  100  metal; 
according  to  Berzelius.  of  100  metal  -f  27*9  oxygen.  Berzeliuf 
describes  a  third  oxide,  which  he  calls  the  yellow  oxide,  an^ 
states  as  a  compound  of  100  metal  +  37  2  oxygen.  {Liirbok  % 
Kemien^  ii.  159.)  These  numbers  are  to  each  other  as  2,  8,  4. 
Hence  I  consider  the  first  a&  a  deutoxide,  and  that  an  atom  of 
antimony  is  to  an  atom  of  oxygea  as  XOQ  to  9.  tIeQC«  th# 
number  in  the  table. 
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60  On  tlie  Dattonian  Tlieory  of  [JuLf, 

Weight  of  an  atom. 

60.  Tellurium    4-107  ^ 

61.  Arsenic    6-000  * 

62-  Cobalt 7-326  "™ 

63.  Manganese 7-130  " 

64.  Uranium 12-000  ** 

65.  Molybdenum 5-882  p 

^  According  to  Berzelius  the  only  oxide  of  tellurium  known 
is  a  compound  of  100  metal  -f  24-83  oxygen.  Hence  the 
number  in  the  table. 

*  We  know  two  combinations  of  arsenic  and  oxygen  ;  the  first 
contains  100  metal  -f  33*333  oxygen,  the  second  100  metal 
-h  50  oxygen.  These  are  to  each  other  as  2  to  3 ;  hence  the 
first  must  contain  2  atoms  of  oxygen,  the  second  3.  Hence  the 
number  in  the  table.  Berzelius  speaks  of  an  oxide  of  arsenic 
composed  of  100  metal  -f-  8'333  oxygen.  If  it  exist,  an  atom . 
of  arsenic  will  weigh  1 2*000.     {Ann,  de  C/iim,  Ixxxiii.  118.) 

"*  We  know  two  oxides  of  cobalt,  the  blue  and  the  black. 
These,  from  the  analysis  of  Rolhoff,  are  composed  of  100  metal 
united  with  27*3  and  40-95  of  oxygen. ,  {Berxelius,  Larbok  i 
Kemieny  ii,  297.)  These  numbers  are  to  each  other  as  2  to  3. 
Hence  the  first  must  be  a  deutoxide. 

^  Berzelius  describes  five  oxides  of  manganese  ;  but  his  first, 
from  the  way  in  which  he  obtained  it,  is  exceedingly  doubtful. 
I  reject  it  therefore.  The  first  of  the  other  four  is  gre^n,  the 
second  olive,  the  third  brown,  and  the  fourth  black.  Their 
composition  he  states  as  follows  : — 

1  of  100  metal  +  14-0533 

2  100    '         +  28-107 

3  100  +  42-16 

4  100  4-  56-213 

These  numbers  are  to  each  other  as  the  numbers  1,  2,  3,  4» 
Heiice  the  first  is  a  protoidde,  and  gives  the  weight  of  an  atom 
of  manganese  as  in  the  table.  If  Berzelius'  first  oxide  really 
exist,  we  must  double  the  weight  of  an  atom  of  manganese. 

**  From  Bucholz'  experiments  there  seem  to  be  t\yo  oxides  of 
uranium,  the  black  and  the  yellow  ;  the  first  composed  of  about 
100  metal  -j-  8-333  oxygen,  the  second  of  100  metal  +  25 
oxygen.  These  two  numbers  are  to  each  other  as  1  to  3.  Hence 
the  number  in  the  table. 

p.  We  kndW  two  oxides  of  molybdenum,  the  blue  and  the 
white,  composed,  according  to  Bucholz,  of  100  metal  and  34 
j|Qd  .50  oxygen,  Ngw  these  numbers  are  to  each  other  as  2  to  3. 
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1813.]    Definite  Prt>pafiklHs  in  Chefnical  Cdmlhiatidns.         51 

Number  of  Weight  of  an  ' 

atoms.  iDtegrant  particle4  • 

GG.  Tungsten S'OO0 1 

G7.  Cerium  . ; .11-494 

68.  Protoxide  of  gold I  g  +    I  o..... .25-968 

69.  Peroxide  of  gold Ig  +  ao 27'968 

yo.   Protoxide  of  pktinum  1  /;  +    1  o 13-161 

71.  Peroxide  of  platinum  1  p  +  2  o .14-161 

72.  Oxide  of  silver 1  s    -f  1  o . ; 13-618 

73.  Protoxide  of  mercury  1  m  -{-  1  o 26-000 

74.  Peroxide  of  mercury    1  771+  2  0 .... .  .27*000 

75.  Protoxide  of  palladium  I  p  +  1  0  . . . . .  .15-204 

76.  Peroxide  of  palladium  1  p  -h  2  0 16-204 

77*  Protoxide  of  copper  ..1  c    +  1  0 9-000 

78.  Peroxide  of  copper    ..Ic  +2o 10-000 

79.  Deutokide  of  iron 1  i  +   2  0 8-666 

80.  Peroxide  of  iron    ....  I  i  +  3  0 ..... .  d'66G 

81.  Deutoxide  of  nickel  ..1  n  4-   2  0 5-623 

82.  Peroxide  of  nickel  ...1  n  -f  3  0. 6-623 

83.  Deutoxide  of  tin  ....1^  +  2  0.. 16*705 

84.  Tritoxide  of  tin 1  ^  +3  o. ...  ..17795 

85.  Peroxide  of  tin .  .1^  +  4  0 18-705 

SG.  Deutoxide  of  lead  ...1  Z  +2  0 27*974 

•  87.  Tritoxide  of  lead 1  I  +   3  0 28-974 

88.  Peroxide  of  lead    1  /  +   4  0 29974 

89.  Oxide  of  zinc    1  z  +    1  o 5-315 

^  90.  Oxide  of  bismuth 1  b  +   1  0 9-994 

91.  Deutoxide  of  antimony  1  a  +  2  0 13-111 

92.  Tritoxide  of  antimony  1  a  +  3  0 .14-111 

93.  Peroxide  of  antimony  1  a  -f  4  0 15-111 

94.  Oxide  of  tellurium    ..J   t  +  1  0 5-107 

95.  Deutoxide  of  arsenic ..  1  a  -H  2  0 8-000 

9G.  Arsenic  acid 1  a  +  3  0 9-000 

97.  Deutoxide  of  cobalt  .  .1  c  +  2  0 9*326 


Hence  the  blue  is  a  deutoxide,  and  gives  us  the  number  in  the 
table  for  the  weight  of  an  atom  of  molybdenum. 

9  This  would  result  from  Bucholz  analysis  of  the  yellow 
oxide  of  tungsten,  supposing  it  a  deutoxide  j  but  tiie  number  is 
not  entitled  to  much  confidence. 

'  According  to  Hisinger  there  are  two  oxides  of  cerium., 
Composed  of  100  metal  and  17*41  and  26-115  of  oxygeri.  Ncfw 
these  numbers  being  as  2  to  3,  we  must  suppose  the  first  com- 
pound a  deutoxide.     Hence  the  number  in  the  table. 

I  have  been  obliged  to  omit  the  other  metals  for  w«^it  of  accu- 
tate  experiments  concerning  their  oxides. 


f 2  Asinmomical  an$-  MagneH^  Observaiions     [JutiV 

Number  of  Weigkt  of  an 

atoms.  integrant  particle. 

98.  Peroxide  of  cobalt  ...1  c    -f  S  o. ....  .10-326 


!>9,  Protoxide  of  manga- 
nese   

100.  Deutoxide  of  man- 
-    '     *  ganes^  ....  r, . . 

101.  Tritoxideof  manga- 

nese   

102.  Peroxide  of  manga- 

nese   


1  m  +    I  0 8-130 

i  m;'+.2  o..,VJi,  9-130 

1  m  +  3  0 10-130 

1  w  4-  4  0 11-130. 


103.  Protoxide  of  uranium  1  «  +    1  o 13-000  V 

104.  Peroxide  of  uranium.'*!  «  +  3  o. ...  ..15-000  ? 

105.  Deutoxide  of  moljrb^7  ^  ;,   .    ^  o '. ... .  7-882 

denum \  ' 

106.  Peroxide  of  molyb-*)  ,  ^   ,    q  ^  q.qqo 

denum 3 

107.  Deutoxide  of  tungsten  1  /  4-  2  0 10-000 

108.  Deutoxide  of  cerium    1  c  +  2  0 13-494 

109.  Peroxide  of  cerhioi  .  .1  c  -f  3  ct,, . , . .  .14-494^  ^ 

Biit  I  have  carried  this  table  to  as  great  a  length  as  is  con- 
sistent with  the  nature  of  this  Journal.  I  shall  therefore  stop  at 
present,  and  insert  the  rest  of  the  table  in  a  future  number. 

I  presume  the  method  of  denoting  the  number  of  atoms 
combined  will  be  intelligible  to  every  reader.     It  is  denoted  by  • 
figures  prefixed  to  the  initiaLletters  of  tlie^-^bstancef  ,tilK%ig^ 
together.    But  to  preclude  the  possibility  clrMfiistake  a  jiKlS^jiS 
been  engraved  representing  the  first  41  substances  in  the  table  by 
Mr.  Dalton's  symbols.    In  it  the  number  of  atoms  existing  in 
each  combination  is  represented  to  the  eye.    The  figures  in  the 
plate  refer  to  the  figures  prefixed  to  the  table.    The  name.fol-" 
lowing  the  figure  in  the  table  is  the  name  of  the  symbol  in  the 
plate  under  the -same  figui*e.*  Thus  aft^  36  in  the'tafele  we  fin4^: 
joda.    The  symbol  under  36. in  the  plate  represents  soda ;  and' 
we  see  that  it  is  a  compound  of  1  atom  of  sodium  and  2  atoms 
of  oxygen. 
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Articus  X,    ■  ■ .  ■   '  '  '  "'  '•< 

Astronomical  and  Magnetical  Observations  at  Hackney  Wick. 

By  Col.  Beaufoy. 

Hadmcy  Wide  GiciMwi  A  TtaM. 

June  16^  En^rsionof  JnpitefsSdjHLtenite.wQi*  46^   99"     :  .9^  46'  45*82" 
ObserratioM  are  io  Mean  Time.    Juplter'i  Ihnb  not  weH  defloei. 


o     o     •     ®     ®     e     € 


JO  n  j2 


OO    #0    0»0    CXD    (DCXD    0(D( 


-y^  -ztf  J7  ja^J 

o®    o®o    o®o    cw: 


.29  .?<>  2z  ;2^  a^ 

o*    omo    ocDo    o®o    o€ 


26  26  27  26  29  90 


•®      ®®      ®      dP      G 


ar  a^  dj  j^  96  V  3  36 


O      ©      ®       ®0      CPD      OCB 


dtf  J9  40 


CX3       OO       ©O       ®0 


SYMBOLS   OF    CHEMICAL.   BOI>IES. 


^^Mitfy  ^Ar^VTkMWMft^  jtuntUf.  JVbUfhetL  bff  JUkdtbwu  J'^Oenuhtter  Row.  Juhf  n«i3 
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Qt  Hackney  IVtci. 


S& 


Magnetkal  Observations. 

\Miiitidt  SI"  3?'  40"  North.     LoDgiCude  Wegt  in  Time  6  82^. 

18JS. 


Mootii. 


May  Id 
Ditto  19 
Ditto  20 
Diflo  21 
Ditto  ^2 
Ditto  23 
Ditto  24 
Ditto  25 
Ditto  26 
Ditto  28 
Ditto  29 
Ditto  30 


Mornio|^  Ob^erv. 


Noon  ObserTt 


Hour.      Variation. 


7  37 
6  55 

8  32 
8  41 
8  50 


8  or 

8  45 

8  25 

8  10 

8  34 


// 


24  10  45 

24  11  04 

24  11  22 

24  13  59 

24  12  17 


24  12  10 

24  16  15 

24  16  10 

24  14  SO 

24  11  06 


Hour. 

Ih  45' 

1  20 

1  50 

1  40 

I  So 

1  25 


1     35 


1  40 
1  SO 
1     52 


Variation. 

24«  19'  20" 

24  21  40 

24  22  16 

24  20  37 

24  20  48 

24  21  27 


24     19    05 


24  22  24 
94  21;  42 
24     19    ig- 


Evening  Observ. 


Hour*     Variation. 


6h     7' 

7  33 
6  58 
6    50 


6  17 

6  05 

7  25 
7  45 

7  22 

8  00 


24«  14'  20" 

24  13  04 

24  15  48 

24  16  58 


24  16  22 

24  14  31. 

24  14  54 

^4  14  04 

24  14  03 

24  15  00» 


Mean  of       f  Morning  at  8*  28' Variation  24»  12'  02" 

Observations    ^Noon  at  1  37  ^...  Ditto          24  20  54 

in  May.         (Evening  at  5  U.... «  Ditto    •      24  13  47 

Morning  at  8  31 Ditto          24  09  18 

Ditto  in  April    ^  Noon  at  0  59 Ditto           24  21  12 

Evening  at  5  46 Ditto          24  15  25 


Magnetkal  Observations  continued. 


Morning  Observ. 

Noon  Observ 

• 

E 

vening  Observ. 

Month. 

« 

. 

-1 

Hour. 

Variation. 

Hour. 

Variation. 

Hour. 

Variation. 

Jane     1  -^  — ' 

o 

/ 

,  // 

— .h   — ' 

o 

1 

,.#> 

7fc 

45' 

24" 

17'    23" 

Ditto    2 

8    45  24 

09 

30 

1     15 

24 

20 

30 

7 

45 

24 

13    09 

Ditto    3 

8     10  24 

10 

32 

1     35 

24 

21 

19 

6 

47 

24 

14    81 

Ditto    5 

8    52 

24 

13 

16 

1     40 

24 

20 

89 

6 

50 

94 

13     14 

Ditto    6 

8    42 

24 

12 

55 

1    30 

24 

17 

54 

7 

33 

24 

18    35 

Ditto    7 

8    35 

24 

12 

02 

I     42 

24 

21 

55 

6 

25 

24 

18    03 

Ditto    8 

8    30 

24. 

14 

22 

1     SO 

24 

21 

53 

-6 

SO 

24 

17    35 

Ditto    9 

8    15 

24 

14 

42 

1     35 

24 

21 

15 

« 

20 

24 

16    54. 

Ditto  10 

8    32 

24 

14 

20 

— 

... 

~- 

— 

-.- 

— 

—    .-» 

Ditto  12 

8    33 

24 

15 

55 

1     42 

24 

23 

21 

6 

30 

24 

19     19 

Ditto  13 

8    20 

24 

10 

40 

1     35 

24 

23 

02 

6 

SO 

24 

14    56 

Ditto  14 

8    22 

24 

12 

22 

1    30 

24 

23 

30 

6 

.35 

24 

15    34: 

DiUo  15 

8     17 

24 

14 

38 

1    30 

24 

24 

40 

-« 

— 

— 

—    — . 

DiUo  16 

8    27 

24 

09 

30 

1    42 

24 

23 

00 

7 

45 

24 

16    16' 

Ditto  17 

8    27 

24 

13 

14 

— 

— 

— 

— 

— 

— 

—    — • 

It  may  not  be  improper  to  remark^  tliat  previous  to  any  obser« 
vation  the  instrument  is  examined^  and^  if  necessaryi  adjusted. 


54  Analyses  of  Books.  [July, 

The  iibservations  arc  ma^e  with  two  needles :  one  of  them  is  a 
cylinder,  terminating  at  each  end  in  a  cone ;  the  other  is  of  the 
usual  sliape,  a  slender  paralletopipedon,  and  weighs  48  grains; 
the  weight  of  the  former  is  65  grains.  These  two  needles,  in 
general,  give  the  same  variation,  seldom  differing  from  each 
other  more  than  one  minute,  and  the  ipean  of  both  is  considered 
as  the  true  variation.  From  the  observations  hitherto  made,  the 
least  variation  is  between  the  hours  of  eight  and  nine  in  the 
inorning;  it  then  increases  till  a  few  minutes  before  two  in  the 
evening,  and  afterward3  decreases  ;  but  ^t  what  hour  the  varia-- 
lion  arrives  at  the  same  point  it  stood  at  in  the  morning  is 
uncertain ;  but,  from  several  observation?^  it  is  after  eleven  at 
night.  It  occasionally  happens  that  th^  needle  has  a  lateral 
vibratory  motion  ;  and,  as  far  as  I  am  able  to  judge,  it  happens 
on  those  days  when  the  air  has  a  peculiar  softness ;  the  degree  of 
this  motion  does  not  exceed  one  n^inute  and  a  half. 

It  is  singular  that  on  the  6th  inst.  the  variation  in  the  evening 
pbsei*vation  was  greater  than  that  at  noon. 

|Uin  fallen  between  the  1st  of  May  and  the  1st  of  June,  2,118  inches. 
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(^Continued  from  Vol.  1,  p.  465.) 

9.  Cutsory  Remarks  pn  (he  Mineral  Substance  called  in  Der^ 
lyshire  Rotten  Stone.  By  William  Martin,  F.L,iS.  &c.]  This 
mineral  is  considered  as  a  variety  of  tripoli,  and  is  used  for  thp 
same  purposes.  It  <jccurs  on  BakewellMopr,  in  Derbyshire,  and 
in  some  other  places  ;-  apd  the  pit§  are  only  opened  every  third 
or  fourth  year,  according  to  the  demand.  It  lies  over  a  kind  of 
iihiestone,  containing  animal  remains,  which  Mr.  Martin  calls 
black  marble  ;  and  he  thinks  it  has  been  formed  by  the  decom- 
ppsition  of  this  marble,  and  the  abstraction  of  the  calcareous 
partiQles.  Rotten  stone  consists  chiefly  of  alumina,,  with  a  Ihtle 
silica,  and  bitumen.  Carbonate  pf  lirne  and  oxide  of  iron  arp 
occasional,  but  not  COnstalif  ingredients.  The  following  arc  two 
^palyses  of  it  by  Mr,  Martin  :— 
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'  1 .  Hard  Rotten  Stoncy  of  a  Irown  cohiir. 

Alumina .80 

Silica 2 

Carbonate  of  lime  ......  ^ • .  10 

Oxide  of  iron 1 

Inflammable  matter 5*5 

Loss 1»5 


100 
2.  Soft  Rotten  Stone. 

Alumina 87 

Silica 4 

Inflammable  matter ,  7'5 

Loss 1-5 


100 


10.  On  National  Character,  By  Thomas  Jarrold,  M.D.] 
The  object  of  this  ingenious  ^ssay  seems,  to ,  be  chiefly  to  refute 
some  of  the  notions  entertained  by  Mr.  Malthus  of  the  effect  of 
an  increase  of  population  beyond  a  certain  limit.  Dr.  Jarrold 
affirms  that  the  character  of  a  nation  neither  depends  upon 
their  customs,  their  religion,  nor  the  state  of  their  industry,  and 
that  it  can  only  be  learned  from  history  alone.  His  opinion 
seems  to  be  that  it  depends  upon  the  original  character  stamped 
upon  the  nation  by  its  founder,  and  that  this  character  never 
afterwards  changes.  Nothing  can  be  more  ingenious  than  the 
arguments  brought  forward  in  support  of  these  opinions;  but 
my  old  friend  Dr.  Jarrold  must  excuse  me  for  thinking  that  iit 
several  particulars  he  has  carried  his  consequences  rather  too  far. 
Let  him  consi4er  the  character  of  the  Lacedemonians,  and  see 
whether  it  was  not  entirely  modelled  by  the  customs  and  laws 
introduced  by  Lycurgus.  Let  him  consider  the  manners  and 
religion  of  the  Mexicans  and  Peruvians,  and  consider  whether 
these  manners  were  not  prodigiously  influenced  by  their  religious 
opinions.  Let  him  read  the  history  of  the  Dutch,  and  see 
whether  that  extraordinary  nation  has  not  possessed  at  different 
times  three  very  dift'erent  characters,  brought  on  by  causes  that 
can  be  explained.  Neither  can  I  subscribe  to  the  distinction  of 
nations  into  honest  and  un warlike,  and  dishonest  and  warlijce. 
No  nation  under  the  sun  is  more  dishonest  than  the  Chinese. 
Consult  Anson  on  the  subject,  or  any  person  who  has  visited 
China.  Yet  no  nation  is  more  unwarlike.  Though  the  Specu- 
lation respecting  the  natural  progress  towards  civilization  is  very 
beautiful^  and  highly  ingenious,  it  will  not  stand  th«f  test  pf  |k 
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tigid  examination.  Iteac}  the  history  of  the  Pellew  Islands,  and 
of  the  conduct  of  Lee  Boo  in  England.  You  have  in  him  an 
example  of  a  perfect  savage  becoming  civilized,  having  an  en-*' 
lightened  mind,  and  forming  plane  for  th^  improvement  of  his 
own  ..nation.  Uead  the  history  of  the  Sandwich  Islands,  at 
present^  for  something  similar  in  the  king  of  that  country, 
Peter  I.  of  Russia  appears  to  me  another  example  of  the  same 
kind.  As  to  the  speculation  about  the  taming  of  animals,  it  is 
/equally  contraiicted  by  many  facts  familiar  to  most  people.  Bead 
Cowper's  account  of  his  three  hares.  One  was  naturally  tame, 
one  becam.e  tame  by  kindness,  one  could  not  be  tamed  at  all. 
How  easy  is  it  to  make  a  sparrow  perfectly  tame,  so  as  to  follow 
its  master  for  miles  together  upon  the  wing.  But  who  has  suc- 
ceeded in  taming  a  robin  ?  I  could  easily  make  many  other 
remarks  upon  tliis  ingenious  essay ;  but  1  have  already  gone  too 
far  consjidering  the  subject,  and  must  therefore  apologize  to  my 
readers  for  the  length  of  the  observations  already  thrown  out. 

1 1 .  Observatiom  on  the  Eblnng  and  Flowing  Well  at  Giggles-r 
wick^  in  the  IVest  Riding  of  Yorkshire ;  with  a  Theory  oj  red" 
protatmo  Fountains,  oy  Mr.  John  Gough,  in  a  Letter  to  Dr. 
Holme.]  Mr.  Gough  gives  an  account  of  no  fewer  than  six 
wells  of  this  kind ;  one  in  Italy,  one  in  Greece,  one  in  West- 
phalia, and  three  in  England.  The  one  at  Giggleswick  has  been 
examined  with  care;  and  rhere  is  a  table  of  the  time,  apd  of 
the  rate  of  its  ebbing  and  flowing.  Nothing  can  be  more  irre- 
gular than  both.  Hence  it  is  obvious  that  the  common  theory 
of  the  syphon,  by  which  these  intermitting  fountains  are  ex- 
plained, will  not  apply  to  this.  Indeed,  it  is  probable  that  it 
will  not  apply  to  mojt  of  the  intermitting  fountains,  when  pro- 
perly examined.  Mr.  Gough  gives  another  theory  founded 
iinon  an  observation  made  by  Mr.  Swainston,  a  manufacturer  of 
Morocco  leather  Ht  Kendal.  It  consisted  in  the  irregularity  with 
which  water  flowed  through  an  inverted  syphon.  This  wa» 
0ccask)ned  by  the  air  mixed  with  the  water  collecting  in  the 
$yphon,  and  thus  diminishing  its  capacity.  Mr.  Gough  con- 
ceives that  in  the  case  of  intermitting  fountains  the  water  fells 
from  n  height  into  a  reservoir,  so  as  to  occasion  the  formation  of 
|bam.  From  this  reservoir  there  is  a  narrow  winding  passage,  by 
which  the  fountain  makes  its  way  out  of  the  earth.  The  foam 
tmers  into  this  passage  along  with  the  water,  and  the  air  col- 
lecting together  partially  choaks  it  up,  and  occasions  a  diminution 
in  the  flow  :  tiJl  at  last^  this  air 'being  expelled,  the  flow  becomes 
as  great  as  ever,  and  cpntiniies  so  till  it  is  impeded  by  the 
evolution  of  new  air.  Tliis  ex{^nation  appears  to  me  to 
Account,  in  a  uterisfaciorv  txmotier,  far  airthe  irregularities  of  the 
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'  12»  Description  of  a  Eudiomeierf  and  tf  other  Appmeim 
impkyed  in  experiments  on  the  Gases.  By  Williaiii  Heniy^ 
II.D.  F^ILS.  ^c]  Thu  eudiometer  consists  of  a  •glass  tub^ 
dose  at  one  end^  and  graduated  into  100  parts.  The  open  en4 
df  the  tube  is  ground  into  a  very  short  open  gla»tube,  which  is 
fixed)  so  as  to  be  air-tight,  into'  a  small  caoutchouc  bottle.  The 
gas  to  be  examined  is  put  into  the  glass  tube,  and  the  bottle  is 
filled  with  the  liquid  destined  to  absorb  the  oxygen  iu  the  gas. 
Hie  tube  is  then  fixed  into  the  bottle ;  and  by  ipvertiog  it  th6 
gas  makes  its  way  into  the  bottle,  where  it  may  Le  agitated  with 
violence  till  the  absorption  is  completed.  It  may  be  then  mea^ 
sur^d  with  iacility,  and  the  quantity  of  absorption  ascertiuQed. 

The  other  instruments  described  are,  1.  A  long  narrow  glass 
tube,  0*08  in  diameter,  which  is  accurately  divided  into  ten 
equal  parts,  by  drawing  mercury  by  the  mouth  up  to  any  detei'- 
minate  number  of  these  divisions.  By  this  means  an  equal  bulk  ' 
of  mercury  is  always  obtained,  and  any  tube  may  be  graduated 
with  considerable  rapidity.  I  have  long  employed  a  similar 
method  of  graduating  tubes,  and  can  attest  its  value  and  accti* 
racy.  I  shall  hereafter  give  an  account  of  my  method,  as  it  is 
very  easy,  and  enables  us  to  graduate  tubes  with  great  neatness, 
as  well  as  rapidity.  2.  An .  apparatus  ibr  exposing  gases  to  the 
kmg  continued  action  of  electricity.  It  consists  of  a  small  glass 
cylinder,  terminating  in  a  globular  extremity.  In  this  globe  two 
boles  are  drilled,  through  whieh  there  pass  two  small  glass  tubes^ 
which  are  hermetically  sealed  into  the  globe.  Through  these 
tubes  pass  small  platinum  wires,  which  are  hermetically  sealed 
by  the  melting  of  tire  tube  round  them.  The  ends  of  these 
tubes  are  ground  away  till  the  extremity  of  the  wires  are 
exposed.  These  tubes  are  so  plaoed  within  the  globe  that  their 
eXftremities  are  within  the  striking  distance. 

13.  A  Memoir  on  the  Uric  Atnd.  By  William  Henry,  MJX 
F.R.S.  &c.]  Dr.  Henry  gives  a  detailed  and  accurate  history 
of  the  previous  facts  ascertained  respecting  uric  acid.  He  then 
describes  its  properties,  the  salts  which  it  tbrms,  and  its  dtjeom- 
position  by  heat.  It  may  be  obtained  pure  by  dissolving  urinary 
ealculus,  composed  chiefly  of  it  in  potash  ley,  and  mixing  the 
solution  .with  an  excess  of  muriatic  acid.  A  white  powder  falls, 
which,  when  washed  in  water,  and  digested  in  carbonate  of 
ammonia  is  |)ure<  uric  acid.  This  acid  possesses  the  following 
properties: — 

It  has  the  form  of  white  shining  plates.  Has  no  taste  m^ 
smdl.  It  dissolves  in  about  1400  parts  of  boiling  water.  It 
reddens  the  infusion  of  litmus.  When  dissolved  in  nitric  acid^ 
and  evaporated  to  dryness,  it  leaves  a  pink  sediment.  The  dry 
acid  is  not  actied  on^  nor  dissolved  by,  the  aycalinei»lho»aftai  or 
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subcarbonates.  It  decomposes  soap  when  assisted  by  heat ;  as  it 
does  also  the  alkaline  sulphurets  and  hydrosulpbyrets.  No  acid^ 
acts  upon  it  ekcept  those  which  occasion  its  decomposiition.  It 
dissolves  in  hot  solutions  of  potash  and  soda^  and  likewise  in 
ammonia,  but  less  readily.  The  urates  may  beformed  either  by 
mutually  saturating  the  two  constituents,  or  we  may  dissolve  the 
acid  in  an  excess  of  base^  and  then  precipitate  by  carbonate  of 
ammonia. 

The  urates  are  all  tasteless,  and  resemble  in  appearance  uric 
acid  itself.  They  are  not  altered  by  exposure  to  the  atmosphere. 
They  are  very  sparijjgly  soluble  in  water.  They  are  decomposed' 
by  a  red  heat,  which  destroys  the  acid.  The  uric  acid  is  preci- 
pitated from  these  salts  by  all  the  acids  except  the  prussic  and 
carbonic.  Tliey  are  decomposed  by  the  muriates,  nitrates,  and 
acetates  of  barytes^  strontian,  lime,  magnesia,  and  alumina. 
They  are  precipitated  by  all  the  metallic  solutions  except  that  of 
gold.  ... 

When  uric  acid  is  exposed  to  heat  the  products  are  carbureted 
hydrogen  and  carbonic  acid,  prussic  acid,  carbonate  of  ammonia, 
a  sublimate  consisting  of  ammonia  combined  with  a  peculiar 
acid, 

\4.  A  Demonstration  of  Laioson^s  Geometrical  Theorems,  ly 
the  late  Rev.  Charles  Wildbore  ;  communicated  by  Mr.  Mabbott 
to  Mr.  Evvart,  a)id  hy  him  to  the  Society^  This  is  a  very  curious 
paper,  and  well  worth  the  attention  of  the  admirers  of  the 
ancient  method  of  geometry.  But  it  is  not  susceptible  of 
abridgment,  nor  could  we  make  it  intelligible  without  trans- 
cribing the  whole  paper,  we  must  therefore  satisfy  ourselves  with 
referring  our  mathematical  readers  to  the  essay  itself;  and  we 
can  promise  them  both  amusement  and  instruction.  Some  of 
the  figures  are  so  complicated  as  to  make  it  somewhat  trouble-*- 
some  to  consult  them.  This  results  from  the  method  of  the 
author,  who  has  contrived  to  deduce  the  properties  from  each 
other  in  a  very  beautiful  manner. 

35,  Remarks  on  the  Summer  Birds  of  Passage,  and  on 
Migration  in  general.  By  Mr,  John  Gough.]  In  this  ingenious 
essay  Mr.  Gough  shows  that  the  opinion  entertained  by  some 
that  the  swallow,  and  other  migrating  birds,  pass  the  winter  in 
a  torpid  state,  is  inconsistent  with  itself,  and  cannot  be  sup-, 
ported.  The  migrating  birds  feed  on  insects,  and  are  compelled 
to  change  their  quarters  when  their  food  disappears.  He  shows 
by  direct  evidence  that  the  migrations  of  these  birds,  both  to 
the  north  and  the  south,  take  place  not  at  once,  but  slowly  and 
gradually,  according  as  the  season  advances,  and  gives  facts  that 
show  that  in  some  cases  a  week  elapsed  before  the  chimney- 
•wilkMr  iBOved  a  distance  of  six  miles.    He  teriQinates  kis  ess^y 
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With  a  carioiis  table  of  the  days  of  the,  xnohth  at  which  the 
different  migrating  birds  usually  make  their  appearance  at 
JCendali  either,  on  their  way  to  the  north  or  to  the  south. 
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SCIENTIFIC    INTELLIGENCE;    AND   NOTICES  OF  SUBJECT^  ' 

CONNECTED  WITH  SCIENCE. 

I.    Concretion  on  the  Elm. 

I  lately  received  from  William  Elford  Leach,  Esq.  a  concre^ 
tion  of  a  brownish  grey  colour,  and  stony  appearance,  which  he 
had  found  deposited  on  the  bark  of  an  elm  tree,  I  believe  in 
Hyde  Park,  All  the  specimens  of  it  were  mixed  with  more  or 
less  of  the  bark  of  the  tree.  1  subjected  it  to  chemical  analysis^ 
and  found  it  composed  of  the  following  constituents:— 

Old  bark 28 

Carbonate  of  potash 39 

Carbonate  of  lime 32 

Carbonate  of  magnesia    1 

100 

Another  specimen  analysed  contained  no  less  than  48  per 
pent,  of  bark.  The  other  constituents  were  nearly  in  the  above 
proportion.  Vauquelin  long  ago  published  the  analysis  of  a 
concretion  from  the  elm  {Containing  the  very  same  constituents; 
but  its  appearance  was  different.  He  describes  the  substance 
which  he  examined  as  white,  and  savs  that  he  could  distinguish 
crystals  in  it.  The  concretion  collected  by  Mr.  Leach  was  dark 
grey,  and  no  crystals  could,  be  detected  in  it,  by  the  most  careful 
examination. 

II.  Caladus  from  the  Urethra  of  a  Hog. 

I  received  some  time  ago  from  Mr.  Colville,  surgeon  in  Ayton, 
Berwickshire,  a  calculus  extracted  from  the  urethra  of  a  hog,  which 
deserves  to  be  described.  It  is  nearly  spherical,  weighs  44*2 
grains,  its  specific  gravity  is  1-595,  it  is  white,  has  a  silky  lustr^, 
and  is  composed  of  a  congeries  of  very  small  crystals,  which,  as 
fer  as  can  be  judged  by  the  eye,  consist  of  flat  four-sided  prisms. 
Tiie  calculus  is  soft,  so  that  the  crystals  are  very  easily  separated 
from  each  other.  This  calculus  is  composed  entirely  of  phos- 
phate of  lime  5  at  least  I  have  not  been  able  to  detect  any  other 
matter  in  it.  When  heated  wfth  .potash,  no  smell  of  ammonia 
ban  be  perceived^  wloich  I  consider  as  excluding  t\xe  Tjteieuct  ol 
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the  triple  phosphate.  As  the  potash  dissolves  nothing,  no  uric 
acid  can  be  present.  The  crystals  dissolve  without  efiervescence 
in  muriatic  acid,  and  are  precipitated  in  the  state  of  a  white 
powder  by  pure  ammonia.  These  characters  I.  consider  as 
excluding  every  thing  but  phosphate  of  lime. 

III.  Hydrosulphiirets. 

Thenard  has  lately  published  some  observations  on  the  hydro- 
snlpharets^  which  deserve  the  attention  of  chemists.  1  shall 
for  that  reason  give  a  short  account  of  them  in  this  place  :-— 

1.  When  a  saturated  hydrosulphuret  is  heated  along  with 
sulphur,  a  portion  of  the  sulphur  is  dissolved,  and  a  quantity  of 
sulphureted  hydrogen  gas  escapes.  If  there  be  an  excess  of 
alkali,  the  sulphur  is  dissolved  as  usual  3  but  little  or  no  sul- 
phureted hydrogen  escapes.  Hence  we  see  that  the  hydrogureted 
sulphurets  contain  less  sulphureted  hydrogen  than  the  hydrosul- 
phurets. 

21.  When  the  saturated  hydrosulphurets  are  raised  to  the  boil- 
ing point,  a  portion  of  sulphureted  hydrogen  always  makes  its 
escape.  By  this  method  the  hydrosulphuret  of  magnesia  may 
be  decomposed  altogether,  and  hydrosulphuret  of  lime  nearly 
so.    Hydrosulphuret  of  potash  and  soda  become  very  alkaline. 

3.  Hyckosulphui'iet  of  ammonia  may  be  obtuned  in  crystals 
by  surrounding  with  ice  a  flagon  containing  a  mixture  of  sul- 
phureted hydrogen  and  ammoniacal  gases.  It  crystallizes  in 
needles^  and  is  white ;  but  becomes  speedily  yellow  when  ex- 
posed to  the  air.  It  is  very  volatile,  rising  spontaneously  to  the 
top  of  the  phial  in  which  it  is  kept.  By  this  means  it  may  be 
sqiarated  from  the  hydrogureted  sulphuret  of  ammonia. 

.4.  When  ammoniacal  gas  and  sulphur  are  passed  together 
through  a  red-hot  porcelain  tube,  hydrogen  gas  and  azotic  gas 
jare  disengaged,  and  a  great  quantity  of  hydrogureted  sulphuret 
joi  ammonia  crystallized.  When  this  substance  is  put  mto  a 
phial,  pure  crystals  of  hydrosulphuret  of  ammonia  gradually 
sublime  from  it. 

5.  The  fuming  liquor  of  Boyle  smokes  in  oxygen  gas  or 
common  aif ;  but  not  in  azotic  gas  or  hydrogen  gas.  Hence 
the  smoking  must  be  owing  to  the  presence  of  oxygen.  Thenard 
Jiupposes  that  it  acts  by  converting  the  liquor  into  hydrogureted 
impburet^  or  into  sulphite.     (See  Ann^  de  CfUm.  bc^iii.  IS2.) 

IV.  Antimonial  Acids, 

No  metal  has  been  subjected  to  a  more  persevering  examina- 
tk)p  than  antimony.  But  its  chemical  prc^rties  are  iso  difficult 
M  investigation^  that  the  mo6t  accurate  and  ingenious  chemists 
My  eootgadfctfti  <»ne  adother  in  their  most  recent  experiiqents. 
|Xljim^  oxides  of  antimony,  Proust  reduced  them  to 
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two,  and  Berzelius  makes  them  four.  Theory  is  cerfoinly  in 
iarour  of  the  last  opinion.  The  two  oxides  of  antimony  con- 
taining most  oxygen  possess,  according  to  Berzelius,  the  proper- 
ties of  acids.  He  calls  them  antimonious  and  antimonic  acidf. 
The  antimonious  acid  is  white.  The  calx  anlimonii  elota  of  the, 
old  pharmacopoeias  is  this  acid  combined  with  potash,  and  con- 
Udning  an  excess  of  acid.  When  boiled  in  water  a  neutral 
tntimonite  of  potash  is  obtained,  from  which  other  antimonitet 
tnay  be  formed.  The  antimonite  of  barytes  crystallines  in  white 
heedles,  and  is  not  altered  by  exposure  to  the  air. 

The  tintimonic  acid  has  a  straw  yellow  colour.  It  is  formed  hf 
heating  antimony  in  nitro-muriatic  acid»  Berzelius  has  examined 
several  of  the  saline  combinations  which  it  forms  with  the  diife- 
Tcnt  bases. 

The  two  acids  of  antimony  have  the  property  of  combining 
logether^  and  of  uniting  likewise  with  the  other  oxides  of  that 
jnetal.  Tliis  makes  it  so  difficult  to  examine  tlie  oxides  of  anti- 
inony  with  accuracy.  (See  Berzelius,  Ldrlok  i  Kemien,  ii.  159.) 

V.  jicid  of  Tin. 

Hie  peroxide  of  tin  has  been  repeatedly  considered  as  an  acid 
l>y -chemists.  Bergman  and  Guyton  Morveau  have  each  pub- 
Ibhed  dissertations  on  the  subject.  Berzelius  has  lately  examined 
the  matter  anew ;  and  though  he  admits  that  it  possesses  some 
Characters  in  common  with  acids,  yet  he  thinks  that  they  are  not 
-Sufficient  to  entitle  it  to  the  name. 

VI.  Acid  of  Tellurium. 

The  oxide  of  tellurium,  according  to  the  observations  of  Ber- 

.  melius,  possesses  at  once  the  characters  of  au  acid  and  a  base. 

•  Hence  it  is  capable  of  combining  with  bases  and  formiqg  salts^ 

while  at  the  same  time  it  unites  vvith  acids,  and  forms  anpthet 

kind  of  saline  compound.    On  that  account  we  may  either  call 

it  telluric  acid  or  oxide  of  telluriurh. 

VII.  Sulphite  of  Copper. 

It  is  well  known  to  chemists  that  there  are  two  oxides  of 
copper,  the  red  and  the  black ;  the  first  composed  of  1,  atom  of 
^etal  ^nd  1  atom  of  oxygen,  the  second  of  1  atom  of  metal  al^d 
2  atoms  of  oxygen.  The  red  oxide  refuses  to  coml)in$  with 
sulphuric  acid.  When  the  two  substances  are  brought  in  con- 
tact, the  red  oxide  of  copper  divides  itself  into  two  equal  por- 
tions, one  of  which  gives  all  its  oxygen  to  the  other  5  so  that  one 
half  of  the  oxide  is  reduced  to  the  naetallic  state,  and  one  half 
<?)nverted  into  black  oxide.  This  last  half  unites  with  the 
sulphuric  acid^  and  forms  common  sulphate  of  copper.    The 
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black  oxide  refuses  to  combine  with  sulphurous  .acid.  When 
the  two  substances  come  in  contact,  the  black  oxide  gives  out 
iialf  its  oxygen,  and  by  this  means  is  changed  into  red  oxide, 
while  a  portion  of  the  sulphurous  acid  is  changed  into  sulphuric 
acid. 

Sulphite  of  copper  is  of  a  red  colour,  and  crystallizes.  It 
may  be  obtained  by  mixing  sulphite  of  potash  and  sulphate  of 
copper  together >  or  by  passing  a  currt^nt  of  sulphurous  acid  gas 
through  water,  in  which  black  oxide  of  copper  is  suspended.  It 
is  decomposed  by  heat,  and  by  boiling  in  water.  According  t6 
the  experiments  of  Chevreul,  it  is  composed  of 

Red  oxide  of  copper 63-84 

Sulphurous  acid 36*16 

100 

> 

But  this  analysis  cannot  be  accurate.  It  gives  us  100  acid  -J- 
176*549  oxide.  Now  the  weight  of  an  integrant  particle  of 
sulphurous  acid  is  4,  and  of  red  oxide  of  copper  9.  Hence  if 
the  two  substances  unite  particle  to  particle,  the  compound  must 
consist  of  100  acid  +  225  oxide.  We  learn  from  the  experi- 
ments of  Berzelius  that  sulphuric  and  sulphurous  acids  unite 
with  the  same  weight  of  base.  Now  according  to  him  100 
sulphuric  acid  unite  with  183  of  red  oxide  of  copper.  {Ann.  de 
Chim.  Ixxvii.  83.)  Hence  80  sulphurous  acid  would  unite  with 
183  red  oxide.  This  gives  us  100  acid  ■+■  228*75  red  oxide, 
which  agrees  very  nearly  with  an  atom  of  acid  and  an  atom  of 
oxide.  Hence  I  conceive  it  to  be  indisputably  much  nearer  the 
truth  than  Chevreurs  analysis.  The  reader  will  find  Chevreul's 
experiments  in  the  Ann.  de  Chim.'vol.  Ixxxiii.  p.  181. 

Chevreul  obtained  likewise  a  triple  salt,  composed  of  sul- 
phurous acid,  potash,  and  red  oxide  of  copper.  He  procured  it 
by  mixing  a  cold  solution  of  sulphite  of  potash  with  nitrate  oif 
copper.  The  triple  salt  precipitated  of  a  yellow  colour.  Ac- 
cording to  his  analysis,  it  is  composed  of 

Red  oxide 0*9360 

Potash 0-1556 

Acid 0-6l70 

1*7186 

This  analysis  would  stand  in  need  of  some  animadversions  j 
but  they  would  not  be  understood  till  we  have  come,  in  our 
table  of  the  weight  of  integrant  particles  of  chemical  compounds, 
to  the  triple  salts.  We  shall  therefore  defer  the  subject  a«f 
pnpent. 
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VIII.  Freezing  of  Alcohol. 

Wc  have  received  a  letter  on  this  subject  from  a  Centlemaa^ 
who  subscribes  himself  Philo-Chemicus  Oxoniensis,  wbQ  con^- 
ceives  that  the  method  employed  by  Mr.  Hutton,  of  Edinburgh, 
to  freeze  alcohol,  may  have  been  similar  to  that  already  practised 
by  Mr.  Walker,  of  Oxford ;  namely,  employing  bodies  already 
frozen  as  instruments  of  congealing  others.  "  This,"  he 
observes,  *^  has  often  been  done  in  the  congelation  of  mercury, 
when  ice,  already  reduced  to  a  certain  temperature,  is  mixed 
with  muriate  of  lime ;  nor  do  I  see  any  limit  to  the  intensity  of 
cold  which  might  be  produced  in  this  manner,  except  the  point 
at  which  the  attraction  of  aggregation  equals  in  activity  (in 
consequence  of  the  subtraction  of  so  much  caloric)  the  strength 
of  affinity  which  the  substance,  whatever  it  may  be,  has  for  any 
other  body.  Thus  sulphate  of  soda  and  muriatic  acid  sink  the 
temperature  of  water  from  50°  to  0  i  this,  again,  when  mixed 
with  muriate  of  lime,  would  lower  the  temperature  of  any 
surrounding  body  from  0  to  —  66°  5  and  ice,  which  had  been 
cooled  down  to  this  point,  might,  by  the  addition  of  sulphuric 
lund  in  a  certain  state  of  dilution,  depress  the  thermometer  to 
^—  99^.  All  these  facts  are  well  known ;  and  if  this  should 
happen  to  be  Mr.  Hutton's  method,  it  deserves  to  be  considered 
ib  the  light  rather  of  a  more  extended  application  of  what  had 
been  before  ascertained  than  the  discovery  of  any  new  fact.  The 
plan  I  have  mentioned,  although  it  might  not  enable  us  to 
oongeal  any  fresh  substances,  would  at  least,  I  should  conceive, 
establish  at  what  point  the  attraction  of  aggregation  equals  that 
of  affinity.  The  most  convenient  apparatus,  perhaps,  would  be 
a  series  of  circular  vessels,  the  one  contained  within  the  other,  in 
the  innermost  of  which  should  be  placed  that  which  was  to  be 
last  (grated  upon." 

IX.  Composition  of  Azote, 

In  consequence  of  a  notification  in  our  last  Number  respecting 
the  composition  of  azote  by  Professor  Berzelius,  who,  by  calcu- 
lation, has  concluded  it  to  be  composed  of  44*(>  unknown 
inflammable  basis  and  55*4  oxygen,  I  have  been  informed  that 
Mr.  Miers,  a  young  chemist  of  London,  has  proved,  by  a 
number  of  experiments?  the  compound  nature  of  this  ^i\s^^  which 
has  hitherto  resisted  all  attempts  at  decomposition.  He  finds, 
however,  that  the  ^Mnflammable  basis'*  is  not  "  unknown,^' 
but  that  it  is  hydrogen ;  and  the  proportions  in  which  it  is  com- 
Uned  with  oxygen. do  not,  from  his  experiments,  greatly  differ 
from  those  calculated  by  Professor  Berzelius.  The  experiments 
involving  this  important  discovery  were  made  about  15  montlis 
since ;  and  although  their  pu!)lic  annunciation  has  been  delayed 
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with  a  view  to  more  delicate  and  refined  results^  professional 
engagements  have  since  prevented  their  being  completed.  The 
further  prosecution  of  these  laboturs  will  be  conveyed  through  the 
medium  of  this  Journal^  at  a  period  not  far  distant. 
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ROYAL  ^SOCIBXV. 

On  Thursday,  May  the  27th, '  a  paper  by  Mr.  fcatef  was  read, 
comparing  the  Cassegrenjan  and  Gregorian  telesciipcs.  These 
telescopes  have  been  hitherto  considered  as  quite  similar.  Mf. 
Cater  was  led  to  compare  them  in  consequence  of  telescopes  of 
both  kinds  being  constructed  by  a  self«taught  artist  at  Ipswicli, 
who  has  acquired  the  art  of  cdfistiructing  both  in  remarkable 
perfection.  The  result  of  the  comparison  was,  that  the  Casse- 
grenlan  telescope  gave  a  much  dearer  and  better  defined  image 
lof  the  object  than  the  Gregorian.  Mr.  Cater  endeavours  to 
account  for  this  difference,  by  supposing  that  iii  the  Gregorian 
telescope  the  particles  of  light  interfere,  and  impede  one  another; 
while  this  does  not  happen  in  the  Cassegrehian. 

On  Thursday,  June  the  3d,  part  of  a'  paper  by  Mr.  Brande 
was  read,  containing  additional  facts  and  observations  on  the 
use  of  magnesia  in  cases  of  urinary  calcdluis.  The  paper  wa^ 
divided  into  two  sections.  In  tlie  fir^t,  Mr.  Brande  related 
several  cases  in  which  the  deposition  of  uric  acid  in  urine  and 
the  accompanying  symptonis  were  removed  by  the  use  of  mag- 
nesia. Among  others,  a  Gentleman  of  fifty-five  was  afBicted 
with  pain  in  the  kidney;  a  calculus  at  last  passed  into  the 
bladder,  and  was  voided  by  the  urethra:  it  consisted  of  uric 
acid.  His  urine  deposited  a  considerable  quantity  of  red  sand 
(uric  acid).  He  tried  alkalies;  but  they  disagreed  with  his 
stomach.  He  was  induced,  in  order  to  alleviate  the  symptoms 
of  indigestion,  to  take  a  tea-spoonful  of  magnesia  daily.  His 
symptoms  were  gradually  removed,  and  the  urine  ceased  to  det- 
posite  red  sand.  Several  similar  cases  were  given,  in  all  of  which 
the  deposite  of  uric  acid  was  put  an  end  to  by  the  use  of  magnesia. 
But  in  one  case,  after  a  certain  time,  the  symptoms  were  aggra*- 
vated,  and  a  white  sediment  was  deposited.  This  turned  out,  on 
examination,  to  be  a  mixture  of  phosphate  of  lijn^e  and  phosphate 
of  magnesia-and-ammonia.  The  oigect  of  the  second  section 
of  the  paper  was  to  give  an  account  of  the  treatment  in  such 
cases.  Acids  were  administered,  and  different  kinds  were  tr'ed. 
Carbonic  acid  in  the  form  of  spda  water,  citric  acid,  vinegar, 
qyder^  oranges^  lemonade,  and  muriatic  acid,  were  tried  in  sue- 
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teasion.  Thd  tfiiiriatic  acid  seemed  to  have  answered  worsts 
The  other  acids,  in  several  cases  related^  removed  the  symptoms 
without  inducing  a  deposition  of  uric  acid. 

On  Thursday,  the  17th  June^  Mr.  Brande^^s  paper  was  con- 
cluded. Another  case  'was  related,  in  which  the  deposition  of 
the  phosphates  in  the  oirine  was  put  a  stop  to  by  the  use  of 
carbonic  acid,  produced  by  mixing  lemon  juice  and  carbonate  of' 
potash,  and  drinking  the  mixture  while  in  a  state  of  effer- 
vescence.    From  these  cases  Mr.  Brande  concludes, 

1.  That  when  the  alkalies^  from  any  circumstance,  cannot  be 
used  to  put  a  stop  to  the  defposition  of  uric  acid  in  the  urine> 
then  ms^nesta  may  be  employed  with  advantage. 

2.  That  the  dejxjsition  of  the  phosphates  may  be  put  a  stop  to 
by  the  use  of  mineral  acids. 

^  3.  That  the  yeget£(ble  acids  pfoduce  a  similar  effect,  and  thaf 
Uiey  may  be  employed  in  much  greater  quantity,  without 
injuring  the  digestive  organs. 

On  fhe  same  evening  a  paper  was  read. by  Mr.  Axiay,  ot 
Bristol,  on  the  phenomena  of  electricity.  He  began  by  stating 
what  he  considered  as  his  peculiar  theory  of  electricity  5  but 
which  does  not  appear  to  differ  from  that  of  Cavendish,  linlesd 
the  fourth  proposition  be  cohsidered  as  peculiar.  Tlie  theory 
consisted  of  the  following  propositions. — 

1 .  A  fluid  exists  called  the  electric  fluid. 

2.  It  is  attracted  by  all  matter,  with  a  force  inversely  as 
some  power  of  the  distance. 

3.  Its  particles  repel  each  othen  Hence  it  is  elastic  and 
<iompressible. 

4.  Electrics  have  a  stronger  affinity  for  it  than  non-electrics. 
From  thb  theory  he  explains  the  different  phenomena  of 

electricity ;  very  nearly,  as  far  as  I  could  jtfdge,  Without  seeing 
the  figures  to  which  a  reference  was  continually  made,  in  the 
Way  already  employed  by  Mr.  Cavendish,  and  other  electricians  J 
with  this  exception,  that  he  does  not  suppose  that  matter  is 
repellent  of  matter,  as  follows  from  the  theory  of  iEpinus. 

On  Thursday,  June  the  24th,  a  paper  by  Sir  Everard  Home, 
Bart,  was  read,  containing  additional  observations  on  the  sqiialus 
maximus,  or  great  shark.  Two  of  these  fishes  were  caught  at 
Brighton  last  December,  and  one  of  them  was  brought  to 
London.  It  was  particularly  examined  by  Sir  Everard  and  Mr. 
Clifit,  and  this  paper  stated  the  result  of  the  new  observations. 
The  figure  given  by  Sir  Everard  along  with  his  former  paper  is 
correct,  except  that  a  fin  between  the  anus  and  tail  is  wanting. 
The  liver  b  very  tender,  and  consists  of  six  lobes.  The  gall  duct 
is  dilated  at  the  extremity  which  enters  the  intestines,  the  object 
of  which  seems  to  be  to  prevent  the  bile  from  returning  into  the 
liver.    There  is  no  gall  bladder.    The  heart  is  very  ^ovjei&i\V| 
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muscular^  and  there  is  a  particular  muscle  connected  with  the 
valves,  which  Sir  Everard  conceives  intended  to  impel  the  blood 
more  powerfully  through  the  gills  when  the  animal  is  at  a  great 
depth  under  water  5  for  the  pressure  of  the  water  will  in  that 
case  impede  the  circulation  in  the  gills.     It  occurred  to  Sir  . 
Everard  that  this  impeded  circulation  might  be  compensated  by 
water  at  great  depths  containing  more  oxygen  gas  in  solution 
than  near  the  surface ;  but  water  being  taken  up  from  the  bottom 
of  a  deep  well,  and  examined,  was  found  to  contain  no  more 
than   water  at  the  surface.      It  may  be  remarked  here,    that 
this  trial  was  scarcely  of  such  a  nature  as  to  be  decisive.     Well 
water,  however  deep,  is  nothing  else  than  rain  water  which'  lias 
made  its  way  through  the  earth  to  the  bottom  of  the  well ;  and 
all  of  it  having  been  equally  exposed  to  the  air  when  falling  in 
the  state  of  rain  ought  to  contain  the  ^me  portion  of  air.    The 
water  examined  ought  to  have  been  taken  from  the  bottom  of 
the  sea ;  biit  it  is  not  likely  that  any  perceptible  diflference  would 
bave  been  found.     Indeed,   the  experiment  has  been  already 
made  by  Biot,  who  examined  sea  water  taken  up  at  the  depth  of 
437  fathoms,  and  found  the  proportion  of  oxygen  gas  in  it  the 
same  }^s  at  the  surface.     (Mem,  d'ArcueiL  i.  273.)     But  the 
swimming  bladder  being  filled  with  oxygen  gas  in  those  fishes 
that  five  at  great  depths,  this  in  all  probability  is  intended  to 
answer  some  such  purpose. 

Sir  Everard  compared  the  heart  of  the  squalus  with  that  of 
several  other  animals.  ITle  squalus  has  no  cerebrum,  but  only  . 
cerebellum.  The  cavity  in  which  the  semicircular  canals  of  the 
ear  is  placed  is  uncommonly  large.  The  lens  of  the  eye  is, 
globular,  and  half  sunk  iii  the  vitreous  humour,  which  is  very 
%m,  and  lodged,  as  usual,  in  separate  cells.  The  retina  is  very 
thin.    The  cornea  consists  of  three  coats. 

LINN^AN   SOCIETY. 

The  Society  met  upon  Tuesday  the  1st,  and  Tuesday  the  15th 
of  June.  Both  meetings  were  occupied  in  hearing  read  a  paper 
by  Col.  Hardwicke,  on  the  i)ats  in  the  British  dominions  in 
India.  He  described  and  exhibited  figures  of  1 1  species,  most 
of  which  inhabit  trees,  and  live  on  fruits.  The  most  remarkable 
of  these  is  a  very  large  species,  having  the  aspect  of  a  wolf,  and 
of  such  a  size  that,  from  tip  to  tip,  the  wings  extend  3  feet 
8-1-  inches.  This  species  the  Colonel  considers  either  as  the 
vampyre  of  Linnaeus,  or  as  nearly  allied  to  it.  It  lives  on  fruits, 
and  is  considered  by  the  Indians  as  quite  harmless.  The  Colonel 
found  that  it  would  eat  raw  flesh  when  hungry;  but  that  it  pre 
ferred  fruits.  The  stories  of  its  sucking  the  blood  of  living 
anioialsM  considejs  as  quite  unfounded. 
y-tbe  Society  adjourned  till  the  2d  of  November.    . 


181*]  Geological  Society.  6% 

GEOLOGICAL  SOCIETY. 

This  society  was  established  some  years  ago,  for  the  express, 
purpose  of  accurately  investigating  the  geognostic  structure  d 
Great  Britain.  The  activity  of  the  members,  and  the  great 
progress  which  they  have  already  made,  is  really  surprising,  and 
entitles  them  to  a  very  high  place  in  the  catalogue  of  useful 
institutioQS.  At  the  last  general,  election  it  consisted  of  115 
ordinary,  and  108  honorary  members;  and,  as  many  elections 
have  been  made  since  that  period,  the  number  of  ordinary 
members  is.  At  present  considerably  increased.  I  shall  give  a 
short  account  of  the  papers  which  have  been  read  at  their  diffe- 
ieat  meetings  during  the  present  session,  which  bega^  on 
Nojgember  the  6th,  1812. 

On  Friday,  Nov.  6,  1,812,  a  letter  was  read  ifrom  Ed.  L. 
Irton,  Esq.  on  the  sand-rtubes  found  atDrigg,  in  Cumberland. 
These  tubes  have  been  found  only  in  a  single  hill  of  drift  sand 
on  the  sea-shore,  about  five  acres  in  extent.  They  were  disco- 
vered by  the  drifting  of  tlie  sand.  They  are  placed  nearly 
perpendicularly,  at  unequal  distances.  One  was  traced  1 5  feet 
deep,  but  how  far  they  goJs  unknown.  When  first  dugout 
they  are  flexible,  but  soon  become  quite  rigid.  Internally  they 
have  a  glaze,  which  is  perfectly  vitreous. 

An  account,  by  Dr.  Macculloch,  of  a  remarkable  vein  in  a 
.  milestone  of  blue  limestone.  This  mill- stone  was  shipped  from 
Limerick,  and  is  at  present  at  the  Royal  Powder  Mills  at 
Waltham  Abbey.  The  vein  is  a  whitish  compact  carbonate  of 
lime.  This  vein,  in  its  present  state,  consists  of  angular  frag- 
ments having  a  certain  parallelism,  and  leaving  no  doubt  that 
they  once  constituted  a  regular  contiguous  vein.  By  what 
mechanism  have  they  been  brought  into  their  present  state  ? 

On  Friday,  Nov.  20,  some  observations  on  a  bed  of  greenstone 
near  Walsall,  in  Staffordshire,  by  Arthur  Aikin,  Esq.  were  read. 
This- greenstone  occurs  in  the  independent  coal  formation,  and 
Mr.  Aikin  considers  it  as  a  vein  branching  off  a  dyke  of  green- 
stone that  occurs  near  it.  It  consists  of  felspar,  mixed  with 
calcareous  spar,  and  minute  grains  of  augite  and  hornblende. 
The  substances  below  this  greenstone  are  considerably  altered, 
when  compared  with  their  appearances  in  other  ])arts  of  the 
field.  These  are  mndstone^  which  is  indurated ;  shale^  which 
is  deprived  of  its  bitumen  ;  and  coc/,  which  is  also  deprived  of 
its  bitumen,  and  more  friable  than  in  other  places.  These 
changes,  as  they  do  not  occur  in  other  parts  of  the  field,  Mr.. 
Aikin  considers  as  connected  with  the  presence  of  the  greeq- 
3tone. 

On  Friday,  Dec.  4,  part  of  a  paper  by  William  Philips,  Esq. 
on  the  veins  of  Cornwall  was  read.    Most  of  the  metalliferous 
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veins  of  Cornwall  run  east  and  west.  They  hkve  frequently 
been  followed  for  two  miles ;  but  in  no  instance  trac^  to  a 
termination^  either  in  length  or  depth,  being  always  relinquished 
when  no  longer  worth  working.  The  deepest  mine  in  Gnuwall, 
Doleoath,  is  228  &thoms  below  the  surftce.  They  rary  in 
thickness,  from  one  foot  to  three ;  though  there  are  instances  of 
reins  24  or  even  30  feet  wide.  The  veins  stre  distinguished  by 
names,  according  to  the  nature  of  the  veinstones.  The  fbllowiitg 
are  the  principal:—!.  Gossany,  when  the  veinstone  is  clay, 
mixed  with  sihca,  and  oxide  of  irooM^^  Its  colour  varies  from 
light  yellow  to  deep  brown.  This  is  nhe  most  common  vein- 
stone, and  is  considered  as  promising  both  for  copper  and  tin. 

2.  Sparry,  when  quattz  predominates.  It  is  rather  unpromising. 

3.  munaicki/j  when  iron  pyrites  abounds.  It  is  considered  as 
rather  promising.  4.  Peachy,  when  the  veinstone  is  chlbfite.. 
It  is  more  promising  for  tin  than  for  copper.  5.  Floiokdny, 
when  one  or  both  of  its  sides  is  lined  wkh  bidish  white  clay. 
6^  Caply,  when  the  veinstone  is  a  hard  substance  of  a  greenishf 
or  brownish  colour^  chiefly  a  mixture'  of  chlorite  and  qiulrtz. 
Tin  is  found  in  it;, but  seldom  cropper.  7-  -P^y^^rwy,  when  the 
one  is  found  in  detached  lumps.  8.  Wheti  a  vein  abounds  in 
blende  it  is  called  a  black  juck  lode ;  v^hen  it  contains  granitef 
it  is  called  a  growan  lode. 

OjQ,  Friday,  Dec.  18^  Mr.  Phillps^s  paper  on  the  veins  of 
Cornwall  was  continued.  The  contents  of  a  vein  are  divided 
into  those  which  are  valuable,  and  those  which  are  not  so.  Tlief 
latter  are  called  deads,  and  are  left  as  much  as  possible  in  the 
vein.  Sometimes  large  wedge-shaped  fragments  of  rock  occnf 
in  veins  called  by  the  miners  horses,  partially  cutting  off  the 
contents  of  the  vein,  though  seldom  entirely  cAstructing  it. 
Veins  of  copper  ore  are  liable  to  total  obstructidhs  without  liny 
obvious  cause.  In  proportion  as  the  rock  becomes  harder^  the 
vein  always,  becomes  narrower. 

Copper  mines  were  formerly  considered  as  peculiar  la  slate  j 
but  of  late  they  have  been  found  to  pass  freely  from  slite  to 
granite,  and  back  again,  mthout  deterioration. 

The  metalliferous,  or  east  and  west  veins,  are  crossed  ly 
others,  the  direction  of  which  is  nearly  north  and  south.  These 
are  called  cross  courses,  and  rarely  produce  any  metallic  sub- 
stance. There  is  another  species  of  vein,  called  a  contre  or 
counter,  the  direction  of  which  is  for  the  most  part  north-east 
and  south-west.  They  are  usually  metalliferous^  and  often  very 
rich. 

Qn  Jan.  1,  1815,  Mr.  Philips's  paper  on  the  veins  of  jCohi- 
wall  was  concluded.  Tlie  remainder  of  this  very  valuable  paper 
consisted  of  accounts  of  particular  Cornish  veins^  not'  very 
Auceptibk  of  abridgment*    .         -  ^'  '^    ■'     ' 
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^  Od,  Jan.  15>  apEip^  by  Mr.  Conybeare  was  read,' on  thie 
origin  of  a  remarkable 'i^la^;  of  organic  impressions  occurring  in 
Mdules  of  flint*  .,Jt  coosistg  of'  small  round  compressed  bodicis^ 
not  exceeding  the  eighth  oi  an  inch  in  their  longM  diameter^ 
ttid  connected  by  processes  of  the  fineness  of  a  hair.  Mr* 
^lonybeare  shows  clearly  that  they  occur  between  the  bony  platei 
1^  a^  ^valve  shell,  the  os^ep.pennke  of  Welsh,  and  likewise  in 
fmodiei  shell,  probably  ibefenging  to  the  genus  ostrssa.  He 
ocMiceiyes  them  to  be  oasts  of  the  cells  of  some  minute  parasitic 
od  ipsect  inhabiting  th^  shells  in  question* 

On  the  19th  of  Feb.  a  paper  by  John  Taylor,  Esq.  was  read^^ 
oq^^tl^,^  economy  of  the  mines.  oFCcnrnwall  and  Devon.  The 
aCuipary  laws  are  confined  to  the  tin  mines ;  the  copper  mines 
ai^  If  jfj^xqpien  to  th^  agreeipeai  that  may  be  made  between  the 
ixpfmetors  oLth^  soil  aod  the  mining  company.  In  general, 
th^.J^jTcl  of  the  soiL,giwts  a  lease  for  21  years,  subject  to  certaia 
itUw^.  ThiQ  .adv^tur^QB  I  divide  *tbe  whole  concern  into 
I'fyax  shares,  jmbuiih  are  divided  among  themselves  and  their 
i^n6&0  ./The  mip^  are  wrought  by  the  piece,  and  the  working 
Aypw^  of  by  n  kind  of  auotioo*  The  smelting  companies  for 
oopfft^TJ^fm  seld^  any  share  in  the  mines.  The  copper  is  aU 
canieil  to  Swapsea,  where  it  is  smelted.       * 

On  the  5th  of  March,  two  lette»  from  Mr.  Webster, 
'drpghtsman^  and  K^per  of  the  Museum  to  the  Society,  were 
reajd^  giving  an  account  ofi  a  calcareous  strata  of  later  formation 
tlvEiBiCnalk,  and  distinguished  by  containing  fresh  water  shells, 
discovered  by  him  on  th^  north  side  of  die  Jsle  of  Wight.  He 
thinks  there  are  two  fresh  water  formations;  with  a  marine  for- 
mJBition  between  them.  The  lowest  consistis  of  beds  of  sand  and 
marl,  with  numerous  fragments  of  the  Hmnea  of  Lamark,  and 
two.jspeci^  of  planorbis.  The  marine  formation  lying  over  it  is 
bli^e  clay,  with  venyses,  oysters,  and  various  turbinated  shells. 
The  upper  fresh  water  formation  consists  of  a  calcareous  rock, 
inclosing  numerous  and  very  fine  specimens  of  the  limnea  and 
planorbis. 

A  paper  by  Dr.  Macculloch  on  the  granite  tors  of  Devonshire 
and  Cornwall  was  read.  The  granite  in  these  counties  is  natu- 
rally split  into  cubic  fragments  by  perpendicular  and  horizontal 
rente.  These,  by  exposure  to  the  weather,  occasion  thp  rock  to 
split  into  fragments,  the  edges  of  which  are  gradually  rounded 
off..  Dr.  Macculloch  supposes  that  crystallization  began  in  the 
centre  of  each  of  the^c  cubic  blocks,  and  extended  on  eveiY 
side  till  they  met,  but  could  not  penetrate.  By  this  hypothesis 
he  accounts  €pr  the  rents,  and  for  the  greater  hardness  in  the 
f^ntre  of  the  blocks  than  at  the  circumference, 

pp.  the  19th  of  March  a  paper  .was  read  on  the  rocks  at  Clo* 
?eU^,  in  Devonshire,  by  the  Uev.  J«  J.  Conybeare.  TUt^  to^t^^ 
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lit  on  the  sea-shore  on  the  north  coast  of  Devonshire.  They 
are  precipitous^  and  ahout  140*  feet  high.  They  consist  of 
alternate  beds  nf  grey  wacke  and  grey  wacke  slate,  the  first  of 
which  is  called  dimstone^  the  second  shillat.  This  rock  only 
contains  organic  remains  where  it  alternates  with  transition 
limestone.  Killas  is  considered  by  the  author  as  clay  slate.  It 
is  traversed  by  frequent  veins  of  a  porphyritic  rock,  which  does 
not  enter  into  the  grey  wacke,  contains  tometimes  topaz,  and 
frequently  garnet.  Its  veins  are  often  filled  with  chlorite,  mica, 
and  crystallized  felspar,  and  also  contain  tinstone,  grey  cobalt 
ore,  &c. 

A  paper  on  the  Island  of  Stafla,  by  Dr.  MaccuMoch,  was  also 
read.  This  island  is  about  two  miles  in  circumference.  It 
forms  a  kind  of  tablie  land,  bounded  on  all  sides  by  steep  clifl^, 
from  60  to  70  feet  above  high  water  mark.  The  highest  eleva- 
tion of  the  island  is  120  feet.  The  whole  island  is  a  mass  of 
basalt.^  The  basalt  occurs  in  two  states,  columnar  and  amor- 
phous ;  the  latter  is  usually  amygdaloidal,  and  contains  zeolites. 
On  the  south-western  side  of  the  island  there  appear  to  be  three 
distinct  strata  of  basalt;  the  lowest  is  amorphous  ;  the  second 
is. from  30  to  50  feet  thick,  and  consists  of  those  columns  which 
constitute  the  conspicuous  feature  of  Staffii.  The  uppermost 
i^tratiun  consists  of  small  columns.  The  surface  of  the  island  is 
covered  in  many  places  with  rounded  fragments  of  granite, 
gneiss,  mica  slate,  quartz,  and  red  sandstone,  together  with  a 
few  rolled  pieces  of  basalt. 

{To  be  continued.) 
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(Continued  from  Vol.  I.  p.  S96.) 
BOTANY  AND    VEGETABLE   PHYSIOLOGV. 

.  IVIosT  physiologists  have  long  admitted  in  plants  an  ascending 
^p,  which  mounts  from  the  roots  to  the  branches,  and  contrir 
butes  to  tiie  increase  of  the  branches  in  length;  and  a  descending 
sap,  which  goes  from  the  leaves  to  the  roots,  and  to  which  some 
persons  ascribe  the  chief  part  of  the  growth  of  the  wood,  and 
oi  course  the  increase  of  size  in  the  trunk. 

M.  Feburier,  a  cultivator  at  Versailles,  h^s  endeavoured  to 
collect  these  two  saps  separately.  For  this  purpose  he  bored  ^, 
deep  hole  in  the  trunk  of  a  tree,  and  fixed  4  bladder  upon. the 

«  From  spfvimtos  of  Staffa  shown  me  by  Limt.  Col.  FnllerfQD,  wbick  he 
^  brought  himself  from  the  island,  I  am  inclined  to  consider  the  rock  i)ot  as 
Jbwalt/.  but  a»  porphyry  slate,     lN9t»of  the'Mditur.'] 
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inferior  surface,  so  as  to  prevent  any  liquid  coming  from  the 
lower  part  of  the  tree  from  making  its  escape  into  this  hole.  H^ 
made  another  hole  in  the  tree^  and  placed  a  bladder  in  the  same 
way  against  the  upper  surface.  He  considered  the  sap  collected 
in  the  lower  bladder  as  the  ascending  sap,  and  that  collected  id 
the  upper  bladder  as  the  descending  sap.  He  gives  many  obscrr 
vations  on  the  relative  proportions  of  each  in  ditFerent  circum- 
stances. Wishing,  in  the  next  place,  to  determine  the  route 
which  each  of  these  saps  takes  in  the  inside  of  the  tree,  he 
jrfunged  alternately  by  the  two  ends  branches  of  trees  in  coloured 
infusions.  In  both  cases  these  infusions  appeared  to  him  to 
follow  the  woody  fibres  surrounding  the  pith. .  This  induces  him 
to  ascribe  the  same  route  to  both  saps,  in  which  respect  he  coin- 
cides with  the  result  of  other  experiments  made  by  M ustel. 

M»  Eeburier  thinks^  likewise,  that  the  ascending  sap  contri^ 
butes  principally  to  the  growth  of  the  branches,  the  descending 
to  thjsit:  of  the  roots.  But  he  thinks  that  the  cambium,  or  that 
humour  which  trar\^udes  horizontally  from  the  trunk,  and  whicli 
is  looked  upon  as  the  matter  which  occasions  the  increase  of  th^  . 
tree  in  thickness,  proceeds,,  like  the  peculiar  juices,  from  the 
mixture  of  the  two  saps.  The  presence  of  the  leaves,  necessary 
for  the  production  of  the  descending  sap,  is  of  consequence  also 
for  the  increase  of  the  plant  in  thickness.  But  the  buds,  which 
M,  du  Petit  Thouars  conceives  to  act  so  important  a  part  in  that 
operation,  have  nothing  to  do  with  it,  in  the  opinion  of  M. 
Feburier ;  for  it  takes  place,  says  he,  as  long  as  the  leaves  exist, 
and  it  ceases  as  soon  as  they  are  removed,  whether  the  buds  be 
left  or  not. 

As  far  as  concerns  the  flowers  and  the  fruits,  M .  Feburier 
assures  us  that  he  has  observed  the  ascending  sap,  when  it  pre- 
dominated, tending  to  determine  the  production  of  simple 
flowers,  and  the  complete  developement  of  the  germs;  that  the 
descenditig  sap,  on  the  contrary,  when  too  abundant,  occasions 
the  multiplication  of  flowers  and  petals,  and  the  growth  of  the 
pericarp,  and  by  consequence  of  the  fleshy  part  of  the  fruit  j 
principlesr  "from  which  it  would  be  easy  to  deduce  many  useful 
practices  in  gardening,  and  which  explain  various  practices 
already  pointed  out  by  experience. 

•  According  to  M.  Feburier,  the  alburnum  deprived  of  its  bark, 
but  kept  from  tTie  contact  of  the  air,  is  capable  of  reproducing, 
by  means  of  the  cambium,  the  bark  and  epidermis  necessary 
to  cover  it,  as  tlie  bark  produces  constantly,  even  when  partly 
separated  from. the  trunk,  liber  and  alburnum.  In  this  point 
he  has  for  antagonist  our  colleague  M.  Palisot  dcBeauvois,  wiio 
has  likewise  employed  himself  in  the  investigation  of  xhx^ 
difficult  questions,  respecting  the  direction  of  the  sap,  and  the 
jWm^tioh  of  wood.     According  to  this  botanist,  this  escape  of  a 
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glossy  huipour,  which  som^;  physiologists  suppose  to  proceed 
from  the  old  ^Iburuum,  and  to  contribute  to  the  fortnation  of 
the  liber^  is  not  founded  on  convincing  experiments.  On  tb^ 
^contrary,  wb^n  9  portion  of  .bark  is  removed  from  a  tree,  and 
the  v^ound  is  well  rubbed^  30  ^s  neither  tp  leave  libt^r  nor  camr 
bium,  neither  the  alburnum  por  the  Wopd  produce  any  thing ; 
bnt  the  edges\  of  the  bark  gradually  extend  themselves,  cover 
fhe  naked  wood>  and  produce  liber  and  alburnum  incontestibly 
proceeding  fi'om  that  bark.  M.  de  fieauvob  announces  that  hl^ 
will  soon  elucidate  this  pppposition  at  full  length,  which  hitherto 
he  has  oQly  noticed  incidentally  in  his  Dissertation  on  the  Pith 
of  Vegetables. 

The  opinion  of  physiologists  has  been  hithierto  very  much 
divided  about  the  functions  of  the  pith  of  vegetables.  According 
to  some,  that  organ  is  necessary  to  the  life  of  plants  during  the 
whole  of  their  existence :  according  to  others,  it  is  only  useful 
during  the  first  years  of  their  life,  or  all  the  time  that  it  is  greea 
and  succulent,  and  m^y  be  easily  confounded  whh  the  cellular 
texture.  M.  de  Beauvois  has  made  on  this  subject  observations 
which  tend  to  prove  that  the  piih  performs  functions  during  the 
whole  life  of  the.  plant,  if  not  absolutely  necessary  tp  its  exists 
pnce,  at  least  very  important  for  its  progress,  and  the  growth  of 
its  branches,  leaves,  and  especially  of  the  organs  necessary  for 
i^s  reproduction. 

He  has  remarked  that  the  circular  layer,  or  fibres  which, 
immediately  surround  the  pith,  has  always  a  form  correspond^ 
ing  to  the  arrangement  and  disposition  of  the  bran.ches,  twigs, 
and  leaves :  that  in  plants  with  verticillated  twigs  and  le^ves^ 
for  example^  the  horizontal  section  of  this  pase  of  the  pith  shows 
as  many  angles  as  there  are  twigs  ^t  each  stage^  and  at  eacli 
verticil  la. 

In  like  manner,  the  medullary  esse  of  the  laurel  rose  pre-? 
sents  an  equilateral  triangle,  if  the  branch  below  the  verticilla 
lias  three  twigs  and  thre^  leaves ;  but  if  we  cut  it  under  the 
lower  verticilla,  where  ope  pf  the  twigs  and  leaves  is  usually, 
ivanting,  it  has  only  two  angles,  and  the  vestige  of  a  third.  Thi^ 
law  is  constant,  evep  in  herbaceous  plants, 

M.  d^  Beauvpis  has  begun  similar  observations  on  plants,  with 
opposite,  alternate,  diphotomous,  spiral,  and  pinnated  leaves. 
He  expects  to  find  in  them  the  same  relation  between  the 
medullary  pase,  and  the  disposition  pf  the  branches,  twigs,  and 
leaves.  For  example,  opposite  leaves  seem  to  require  a  roun4 
pedull^ry  case,  becoming  oval,  and  having  its  extremities  more 
{^nd  more  pointed  the  nearer  it  approaches. tp  the  insertion  of  the 
})ranches  and  the  leaves.  When  the  leaves  are  alternate,  the 
fifcle  is  )ess  perfect.  The.  extremities  become  equally  narrow^ 
fe»J  .titcrpat^7|  fff^i  fapji  PB  the  gide  lyhere  t)i^  branch  is  Jp. 
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wppgm*  Wben  the  leaves  are  spiral^  ihe  nomber  of  taxf^en  of 
tlie  jneduUary  case  is  equal  to  that  of  the  leaves  of  which  tl^ 
^jpirals  are  composed^  Thus  the  medullary  c^ise  of  the  lime  has 
^ar  angles  3  that  of  the  oak,  the  chesnut^  the  bramble,  the 
pear-tree,  almost  all  the  fruit  trees,  &c.  has  five  angles,  more 
pr  less  regular,  because  the  spirals  succeed  constantly  in  fives. 
:  Grew  and  Bonnet  alone  seem  to  have  been  on  the  way  of 
these  observations.  The' first  had  observed  very  various  forms  in 
the  medullary  case,  especially  Hi  that  of  the  conidal  roots  cff 
iculiaary  plants;  but  he -did  not  observe  the  relation  betwe^a 
ibese  forms,  and  th^  dispositions  of  the  blanches  and  leavet. 
The  second  carefully  examined  vegetables  with  opposite,  Verti- 
idUated,  alternate,  and  spiral  leaves ;  but'  did  not  observe  the 
p>nneotion  of  these  dispositions  with  the  form  of  the  meduUaiy 

'  M.  de  Mirbel  has  continued  his  researches  into  the  structure 
$A  the  organs  of  fructification  in  vegetables,  in  which  he  has 
been  seconded  with  a  zeal  and  intelligence  that  he  takes  a 
fdeasure  in  acknowledging,  by  M.  Schubert,  whom  the  Grand 
jQuchy  of  Warsovia  sent  into  France  to  complete  his  knowledge 
iof  botany,  which  he  was  afterwards  to  teach  in  Poland^  These 
two  botanists  have  examined  all  the  genera  of  trees  with  needier 
shaped  leaves,  or  the  coniferous,  one  of  the  most  important  to 
bjs  known,  on  account  of  the  singularity  of  its  organization,  of 
the  greatness  of  the  species  which  it  includes,  and  of  the  utility 
tof  its  products.  Every  body  is  abte  to  distinguish,  at  the  first 
gknce  of  the  nye,  the  cedar,  the  meleza,  the  spruce  fir,  the 
Scotch  fir,  the  thuya,  the  cypress,  the  yew,  the  juniper;  but 
though  the  botanists  have  studied  with  particular  attention  the 
organs,  of  reproduction  of  these  vegetables,  they  are  not  agreed 
about  the  chariacters  of  the  female  flower ;  or  to  speak  ndor^ 
correctly,  the  greater  number  are  of  opinion  that  the  stigmata 
of  the  spruce  fir,  the  Scotch  fir,  the  cedar,  and  the  meleza, 
have  not  yet  been  obseiTcd^  In  this  respect,  tlierefore,  thes6 
trees  are  \n  reality  cryptogamous.  MM.  Mirbel  and  Schubert 
go .firther :  they  affirm  that  the  female  flo\frer  of  the  yew,  th6 
juniper,  the  thuya,  the  cypress,  &c.  is  not  better  known ;  and 
that  all  the  gienera  of  coniferous  plants  have  a  common  charac«^ 
ter,  which  has  hitherto  misled  observers,  and  which  consists  in 
the  existence  of  a  cup,  not  similar  to  that  in  the  flower  of  th^ 
oak,  but  more  deep,  concealing  entirely  the  ovarium,  and  con- 
tracted like  the  qeck.  of  a  bottle  at  its  orifice.  The  female 
fiower  enclosed  in  this  cpe  has  escaped  observation.  In  th^ 
thuya,  yew,  juniper,  cypress,  &c.  the  cup  is  strait;  and  by  aii 
error,  occasioned  by  the  extreme  smallness  of  the  organs,  X\it 
orifice  of  this  cup  has  been  always  mistaken  for  the  stigma.  In 
^  cedar,  meleza,  spruce  fir,  and  Scotch^  fir,  the  cup  is  re^ 
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vened,  and  its  orifice  is  very  difficult  to  perceive.  It  h  only 
within  these  few  years  that  it  has  heen  observed  in  England  by 
Mr.  Salbbury,  and  in  JF'rance  by  MM.  Poiteau^  Mirbel,  and 
•Schubert.  These  botanists  have  not  hesitated  to  consider  it  as 
the  stigma ;  and  this  was  natural,  because  it  had  been  agreed 
upon  that  the  stigma  of  the  yew,  the  thuya,  the  cypress,  &c. 
was  placed  at  the  orifice  of  the  cup :  but  farther  researches  have 
undeceived  MM.  Mirbel  and  Schubert.  By  a  delicate  dissec- 
tion, they  have  ascertained  that  what  b  generally  taken  for  the 
jfemale  flower  in  coniferous  plants  is  only  the  cup,  the  form  of 
which  resembles  that  of  a  pistil,  and  that  it  contains  in  its 
cavity  the  true  flower,  which  is  provided  with  a  membranous 
calix,  adhering  to  the  ovarium,  and  with  a  stigma,  sessil  in  all 
the  genera  except  the  ephedra. 

It  must  be  obvious  that  this  structure,  so  different  from  what 
had  hitherto  been  imagined,  will  occasion  great  changes  in  the 
explanation  of  tbe  characters,  of  the  family,  and  of  the  genera. 

According  to  Mirbel,  the  female  flower  of  the  plants  of  the 
family  pf  cycas  has  an  organization  analogous  to  that  of  coni- 
ferous plants.  This  supports  the  opinion  of  M.  Richard,  who 
places  these  two  families  together  among  dicotyledonous  plants ; 
■but  M.  Mirbel  is  of  opinion,  that  as  long  as  the  characters  of 
vegetation  serve  for  the  base  of  the  two  great  divisions  of  plants 
with  visible  flowers^  the  cycadece  cannot  be  separated  from  the 
palms. 

The  organization  of  the  male  flower  of  mosses  has  likewise 
engaged  the  attention  of  Mirbel  and  Schubert.  After  Hedwig, 
it  would  have  been  difficult  to  discover  any  thing  new  on  this 
subject ;  but  tbe  bursting  of  the  anthers,  and  the  emission  of 
the  pollen,  were  phenomena  doubted  of  bjT  several  botanists. 
Our  two  botanists  declare  that  they  have  seen  the  most  unequi* 
vocal  proofs  of  the  existence  of  these  phenomena.  The  organs 
which  Hedwig  calls  male  in  the  Polytrichum  commune^  placed 
upon  water,  split  at  the  summit,  and  threw  out  an  oleaginous 
liquid,  which  extended  itself  like  a  thin  cloud  on  the  surface  of 
the  water.  Mirbel  and  Schubert  then  subjected  to  comparative 
observation  tbe  pollen  of  a  great  number  of  phenerogamous 
plants,  and  ascertained  that  they  exhibited  the  same  phenomena 
as  the  male  organs  of  mosses.  This,  induces  them  to  think  that 
the  parts  called  anthers  by  Hedwig  may  be  nothing  else  than 
simple  grains  of  pollen  of  a  particular  shape. 

M.  Mirbel  has  continued  his  researches  on  germination.  He 
has  observed,  contrary  to  the  generally  received  opinion,  that 
the  radicle  does  not  always  make  its  appearance  first.  In  many 
cyperaceous  plants  it  is  always  the  plumula  which  appears  first. 
The  $ame  botanist  has  republbbed,  with  important  modifications 
apd  additions^  his  opinions  respecting  tbe  organization  of  sterns^ 
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respecting  their  growth,  and  respecting  the  structure,  both 
.internal  and  external,  of  the  organs  of  fecundation  of  plants.  • 
M.  Henri  de  Cassini,  son  of  one  of  our  associates,  a  name  so 
celebrated  in  astronomy,  has  presented  to  the  Class  a  memoir^ 
which  augurs  success  in  a  different  science.  H^  has  examined 
with  peculiar  care  the  style  and  stigma  in  the  whole  family  of 
plants  known  by  the  name  of  compound^  synsenesious^  or  syman^ 
iherous}  and  these  small  organs  have  exhibited  a  number  of 
curious  differences,  which  have  induced  him  to  propose  a 
division  of  these  plants,  founded  solely  on  the  modifications  c^ 
these  two  parts  of  the  pistil.  We  regret  that  we  cannot  follow 
flib  skilful  observer  in  the  details  into  which  he  has  gdne,  and 
which  he  has  described  and  drawn  with  remarkable  neatness. 
It  cannot  be  doubted  but  they  will  one  day  be  of  ^^eat  service 
in  perfecting  the  classification  of  this  family,  so  numerous  and 
so  natural ;  the  subdivision  of  which,  in  consequence,  ought  to 
be  more  difSt:ult  than  of  any  other. 

There  arie  few  families  of  vegetables  so  directly  useful  to  man 
as  the  grasses,  which  comprehend  wheat,  rye,  rice,  mais,  sorgho, 
sdgar-cane,  barley,  oats,  millet,  &c.  To  name  these  plants  h 
etiough  to  show  the  importance  of  a  work  which  would  enable 
te  to  distinguish  them  with  certainty.  The  characters  hitherto 
enaployed  are  generally  regarded  as  insufficient.  At  each  step 
the  observer  finds  himself  stopped.  It  is  difficult,  indeed,  often 
impossible,  to  find  the 'true  genus  of  the  plant  which  he  exa- 
mines. Frequently  the  characters  adopted  only  apply  to  a  few 
species,  and  do  not  occur  in  the  rest  of  the  genus.  M.  Palisot 
de  Beau  vols  has  undertaken  a  general  examination  of  this  family, 
which  he  has  published  under  the- name  of  Essai  d' Agrostogra-- 
phie.  He  has  endeavoured  to  put  an  end  to  all  this  confusion, 
and  to  give  to  each  genus  constant  characters,  easy  to  perceive, 
so  that  the  observer  can  never  be  at  a  loss. 

For  this  purpose  he  has  been  obliged  to  adopt  new  bases, 
which  he  has  already  announced  in  his  Flora  of  Oware  and 
Benin.  .These  depend  principally  on  the  separation  or  uiiion  of 
the  sexes,  on  the  composition  of  the  flower,  and -on  the  number 
of  its  envelopes.  Twenty-five  plates,  in  which  all  these  cha- 
racters are  represented,  facilitate  the  study  of  th^se  plants, 
which  interest  all  the  orders  of  society,  even  those  persons  who 
do  not  make  botany  a  peculiar  study. 

M.  de  Beauvois  continues  his  Flore  d^ Oware  et  de  Benin,  the 
thirteenth  number  of  which  is  published^  and  his  History  of 
Insects  collected  in  Africa  and  America,  the  eighth  number  of 
which  has  appeared. 

M.  de  la  Billardiere  has  finished  his-  collection  of  the  rare 
plants  of  Syria  and  Libanus,  by  the  fourth  and  fifth  parts.    The 
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tame  natufalist  lias  oommunicated  to  the  Class  peculiar  and 
iDterestiDg  observations  in  natural  history,  which  he  made  during 
lus  voyage  in  the  Le^ant^  the  publication  of  which  has  been 
4nterrupted  by  the  longer  and  more  dangerous  voyage  which  he 
puuie  m  the  I^trecasteaux,  an  account  of  which  was  given  to . 
ibe  public  several  years  ago. 

M.  Gouan^  correspondent  pf  the  Class  at  Montpellier^  has 
published  a  description  of  the  generic  characters  of  the  ginkq 
ifiloba,  a  singular  tree  of  Japan,  which  has  been  long  known  in 
JSurope,  but  whiph,  never  having  blossomed^  could  not  be  pro-  . 
perly  classified  in  the  system. 

There  is  a  family  of  plants  much  less  important  than  the 
grasses  in  point  of  utility,  but  much  more  singular  in  their  cha-» 
lacters,  ^nd  which  can  only  be  seen  vegetating  on  the  searshore, 
namely,  the  Jhci,  and  marine  plants  analogous  tQ-them.  M. 
JjamourouXi  professor  of  natural  history  at  Caen,  placed  favour- 
ably  in  a  city  so  near  the  coast,  has  made  the«el  plants  a  parti* 
cular  object  of  study.  He  gives  them  the  common  name  df 
ikalassio^phytesy  and  divides  theia  into  various  tribes,  tlie  cha- ' 
meters  of  which  he  has  been  ob)%ed  to  take  in  all  parts  of  the 
plants .  because  be  could  npt  £iud  sufficient  characters  in  the 
organs  of  fructification,  which  usually  serve  as  a  basis  to  thes^ 
divi^ions ;  but  which  are  tod  little  known  in  most  of  the  i\^\,  to 
be  able  to  confine  oneself  to  them.  This  is  another  of  those 
laborious  and  useful  undertakings  which  we  have  to  regret  th^t 
we  cannot  analyse  in  a  summary  so  short  as  ours.  X^t  it  suffice 
to  join  our  voice  to  that  of  the  Commissioners  pf  the  Clatoji  to 
request  the  speedy  publication  pf  it. 

(To  be  continued,) 


Article  XIV. 

List  of  Patents. 

Samuel  Evavs,  Denbigh,  farmer;  for  certain  improve^ 
ments  in  the  working,  or  giving  motion  to,  mill-work  an4 
machinery,  applicable  to  raising  or  drawing  water  from  mineSi 
and  other  useful  purposes.    Dated  May  1,  1818. 

Thomas  Walkbr,  Norwich^  machine-maker;  for  various 
improvements  in  the  construction  of  a  horizontal  windmill^  that 
may  be  applied  to  all  sorts  of  machinery  that  is  to  wor)c  by  wind^^ 
Dated  May  5,  1813. 

William  Reid,  of  Foot  Dee,  Aberdeen;  for  an  instrument: 
for  calculating,  without  reference  to  tables^  of  any  kind  (etcept 
meridional  tables),  the  various  problems  in  ns^vigation,  practical 
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Aath^matics^  and  trigonometry,  heights  and  distances,  and 
ahogiether  embracing  every  science  depending  upon  angles. 
Dated  May  5,  1813. 

CHARLES  Broderip,  London ;  for  improvements  in  vesseb 
to  be  used  for  heating  fluids  and  other  substances.  Dated  May 
5,  1813. 

John  Erat^  harp-maker,  London;  for  improvements  in  the 
construction  of  a  pedal  harp.     Dated  May  8,  1813. 

Thomas  Daking,  Essex,  tanner ;  for  a  method  of  heating 
fiqpiors  for  tlie  manufacture  of  leather^  and  other  manufactures* 
Dated  May  8,  1813. 

John  Fisher,  Millend,  Buckingham,  and  Laytov  Cookb, 
Lobdop^  land  agent ;  for  improved  gaiters^  and  modes  of  ias^ 
tenhig  the  same.    Dated  May  11,  1813. 

WiJJLiAM  BcTLLocK,  Londou,  locksmith  and  founder,  and 
Jaicks  Boas,  Glasgow,  engineer;  for  certain  improved  ma* 
duiiesj  instruments,  or  contrivances,  applicable  to  doors  and 
ivuMbwTshutters,  for  preventing  them  from  being  broken  open^' 
and  such  doors  from  being  violently  forced  in  by  the  wind  or 
otherwise,  part  of  which  may  be  applied  to  other  useful  pur^ 
pose^    Dated  May  15,  1813. 

&WA«tJt)  CowPER,  of  St.  Mary,  Newington  Butts,  Surrey, 
iionmonger;  for  certain  improvements  in  the  machines  com-* 
■lonly  used  for  cutting  the. edges  of  paper  and  books.  Dated 
May  SO,  1813. 

William. Jenkins,  of  Birmingham,  brass-founder;  for  an 
nnpiovement  in  the  method  of  manufacturing  socket  castors* 
Qsed  with,  or  affixed  to,  cabinet  and  other  furniture  and  things. 
Dated  May  22,  1813. 

John  ThackraV,  London,  cabinet-maker ;  for  a  method  of 
enclosing  a  seat  in  a  portable  stool-stick,  which  seat  may  be 
applied  to  other  useful  purposes.    Dated  May  22,  1813. 

Thomas  Willcox,  Bristol^  mason ;  for  a  machine  for  curing 
smoky  chimneys,  consisting  of  a  hollow  cap,  with  a  funnel 
and  contrivance  for  voiding  the  smoke^  to  be  fixed  on  the  top  of 
a  chimney-stack  with  two  or  more  courses  of  brick- work,  and 
having  for  its  object  to  prevent  the  smoke  arising  from  the  fire  ip. 
the  grate  being  driven  back  into  the  room,  as  well  by  excluding 
all  winds  from  the  orifice  of  the  chimney,  as  by  promoting  the 
draft  of  the  chinoney,  by  means  of  a  continued  accumulation  of 
iirified  air  in  the  cavity  of  the  cap.    Dated  May  22,  1813.  .- 

William  Brunton,  Butterley  Iron  Works,  Derby,  engi-j 
neer;  for  the  construction  and  erection  of  engines,  and  other 
mechapical  operations.    Dated  May  22,  1813. 

William  Stocker,  gunsmith,  of  Martock,  Somerset;  for 
a  cock  made  of  metal  and  wood,  for  drawing  liqutn*  from  casHs^ 
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tvhich  proda(ite  ft  stop  superior  to  that  which  is  effected  by 
.common  cocks,  and  prevents  the  liquor  from  coming  in  contact 
with  the  metals,  except  when  the  liquor  is  in  the  act  of  being 
dlrawn  and  is  running  from  the  cask.     Dated  May  25,  1813. 
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Article   XV* 

Scientific  Books  in  hand,  or  in  the  Press, 

Dr*  Marshall  Hall,.  Royal  Infirmary, .  Edinburgh,  is  preparing  & 
practical  work  on  the  physiognorriy  and  attitude  of  patients,  and  on 
the  symptoms  arid  diognosis  of  diseases.  The  whole  of  the  work 
is  intended  to  bear  on  diognbsis  as  its  principal  and  ultimate  object. 

Dr.  Robert  Wall,  of  Glasgow,  has  a  work  in  the  press  on  the 
History,  Nature,  and  Treatment  of  Chincough,  illustrated  by  a 
variety  of  cases  and  dissections ;  to  which  will  be  subjoined  an 
inquiry  into  the  relative  mortality  of  the  principal  diseases  ^f 
children  in  Glasgow,  during  the  last  thirty  years ;  and  the  number 
Who  have  died  at  various  periods  under  ten  years  of  age. 

Dr.  Smith  and  Mr.  Sowerby  will  complete  their  work  on  English 
Botany  by  a  general  Index  to  the  thirty-six  volumes,  which  will  be 
completed  on  the  1st  of  January,  1814.  It  is  intended  to  arrange 
the  names  of  the  English  plants  contained  in  that  work,  which  will 
amount  to  nearly  2600,  in  one  part  alphabetically,  and  in  another 
part  according  to  the  Linnaeah  system,  with  such  improvements  as 
have  been  received  during  its  publication.  When  the  English 
Botany  is  completed,  Mr.  Sowerby  hopes  to  be  able  to  publish  his . 
Mineral  Conchology  every  month.  The  British  and  Exotic  Mine- 
ralogy will,  in  all  probability,  be  finished  in  the  course  of  the  next 
year. 

Dr.  John  Mason  Cox,  of  Fish  Ponds,  near  Bristol,  is  preparing 
an  enlarged  edition  of  his  Practical  Treatise  on  Insanity. 

The  second  half  of  Volume  VI.  of  the  Edinburgh  Encyclopaedia, 
by  Dr.  Brewster,  is  just  ready.  Its  leading  articles  are  Cnronology, 
Circle^  Civil  Architecture,  Cloth  Manutecture,  Coining  Machi- 
nery, Cold,  &c. 

Capt.  Flinders's  Account  of  his  Voyage  to  Terra  Australis,  in 
his  Majesty's  ship  Investigator,  is  preparing  for  publication,  by 
authority  of  the  Board  of  Admiraltj'. 

Mr.  John  Whitsed,  of  Peterborough,  mil  shortly  pubKsh  Prac- 
tical Remarks  on  Diseases  resembling  Syphilis,  M'ith  cases. 


\*  Earl^  Communications  Jlr  this  Department  of  our  Journal 
miU  be  thankfully  received.  ' 
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Article   XVI, 
METEOROLOGICAL  JOURNAL. 


The  nbMTTatiDDS  in  pach  line  of  the  table  apply  to  a  period  of  Iwnty-toar 
hanri,  tMr^iiinlng  HI  9  A.  M.  on  tbe  day  inilicaled  in  Ibe  firjl  coluoa.  A  dash 
itaotei,  (hat  the  restilt  is  incloclcd  in  the  npit  falloiring  oliserratiua. 
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REMARKS. 


Fifth  Month  30.  A  shower,  p.  m.  Thunder  to  the  #est- 
ward.  81.  Fine  day:  some  thunder  clouds  appeared:  the 
evening  twilight  was  brilliant,  and  tinged  with  orange;  the  new 
moon  was  conspicuous,  and  there  fell  much  dew. 

Sixth  Month.  1.  Cumulus^  Cumulostratus,  and  CirrostrcUus 
clouds :  the  sunset  was  cloudy,  with  an  orange  tint.  2.  At 
sunset,  Ctrrasirattj  mixed  with  haze,  in  the  S.  while  in  the  N. 
there  appeared  large  Cirrij  more  elevated^  and  finely  tinged 
with  red.  4.  Windy:  cloudy  till  evening.  5.  Clear,  a.  m. : 
afternoon  cloudy  and  windv.  8.  Windy:  at  sunset.  Cumuli^ 
with  the  Cirrostratus  attached :  much  orange  in  the  evening 
twilight.  ^.  A  shower  early:  cloudy)  dripping.  10.  p.m. 
Large  elevated  Cirri.  1 1 .  CumulostratuSy  a.  m. :  in  the  after-' 
noon  Cirri  m  abundance,  lowering  and  thickening.  12.  Cirri 
tinged  red,  early  in  the  morning:  before  eight  a.  m.  it  wa» 
overcast,  and  rain  fell.  13.  a.  m.  Cloudy :  a  shower  at  evening. 
14-*S0.  Occasional  heavy  showers^  with  wind. 


RESULTS. 

Prevailing  Winds,  Northerly. 

Barometer  :  greatest  observed  height  « .  .30*20  inches; 

Least .29*43  inches> 

Mean  of  the  period 29*889  inches^ 

Thermometer :  greatest  height ^ . ,  .85° 

Least     *.....   .•.. 37° 

Mean  df  the  period . . .  .67'93^ 
Evaporation^  2*78  inches.     Rain^  VOG  inchss. 

TOITENHAM,  L.  HOWARD.^ 

fiixth  Month,  23^  1813. 


*ft  *  Fbr  the  grealer  part  of  thd  6bgertAfloin  in  tbe  BarMieter  wxn^  1W« 
■Maeter  dttrtag  tbli  jpoiod  I  lua  iodebtied  to  mj  ffiend  John  Gib^oa,  of 
tHnU£»cd. 
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Siograpbical  Account  of  M.  Lavoisier.    By  Thomas  Ttionuibti^ 

M.D.  F.R.S. 

1  HAVE  drawn  up  the  following  account^  not  with  any  idea 
that  the  life  and  unfortunate  fate  of  I<^voisier  are  unknown  to 
my  readers ;  but  because  I  conceived  that  a  particular  account  of 
the  writings  of  that  eminent  philosopher  must  be  acceptable  to 
every  person  who  is  interested  in  the  progress  of  science^  and 
because  I  suspect  that  a  much  greater  number  of  persons  are 
acquainted  with  the  name  of  Lavoisier  than  with  the  different 
dissertations  which  he  published,  or  the  particular  improvements 
which  he  introduced  into  the  science  of  chemistry.  My  know* 
I^fi^.-of  the  few  facts  stated  below  respecting  the  life  of  Lavoi- 
sier is  derived  from  an  eloge  of  him  published  by  Lalande  about 
the  beginning  of  the  present  century.  This  eloge  v^rs  translated 
into  English;  and^  unless  I  am  mistaken,  was  inserted  in  the 
Philosophical  Magazine. 

M.  Laypisier  was  born  in  Paris,  in  1743 ;  and  his  father,  who 
was  opulent,  spared  no  expense  in  his  education.  ^  He  displayed 
a  ^e^ed  taste  for  the  sciences  at  a  very  early  age ;  and  the 
progress  which  he  made  in  them  was  very  rapid.  When  only 
twenty-one  years  of  age,  he  obtained  the  prize  offered  Ij 
government  for  the  best  essay  on  the  method  of  lighting  the 
streets  of  Paris.  In  the  year  1768  he  was  admitted  a  member 
of  the  Academy  of  Sciences.  He  was  now  become  conscious 
of  the  power  which  he  possessed,  and  burnt' with  ah  ardent  zed 
to  distinguish  himself  in  some  departm^eat  of  science;  ifut  hi 

Vol.  U,  N^  H.  F 
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hesitated  for  some  time  to  what  branch  of  science  he  should 
devote  his  chief  attention.  Mathematics  first  caught  his  fancy, 
and  were  enlisting  him  under  their  banners,  when  the  brilliant 
discoveries  of  Dr.  Black  and  his  followers  in  the  pneumatic 
career  came  to  his  knowledge,  and  determined  him  to  make 
choice  of  chemistry.  In  1774  he  published  a  volume  of  essays, 
fn  which  he  gives  an  historical  detail  of  the  labours  of  his  pre-  . 
decessprs  in  this  department  of  the  science,  and  confirms  the 
theory  of  Dr.  Black  by  hi3  owd  experiments. 

His  great  wealth,  his  situation,  his  excellent  education,  his 
mathematical  precision,  his  general  views,  and  his  persevering 
industry,  all  contributed  to  ensure  his  success.  A  comparison 
of  the  Stahlian  theory  with  the  discoveries  in  chemistry  made  by 
his  contemporaries  in  Britain  and  Sweden^  soon  satisned  him  of 
its  insufficiency  to  explain  the  phenomena  of  the  science.  The 
opinion  on  the  subject  which  he  finally  adopted,  namely,  that 
phlogiston  is  a  creature  of  the  imagination,  and  that  combustion 
is  occasioned  by  the  union  of  oxygen  with  the  burning  body, 
must  have  been  brought  into  a  definite  form  after  the  year  177'1> 
because  it  was  not  till  that  year  that  oxygen  gas  was  discovered 
by  Dr>  Priestley  ;  and  it  is  too  obvious  to  require  any  proof  that 
his  opinion  respecting  the  combination  of  oxygen  in  cases  of 
combustion  could  not  precede  hb  knowledge  of  the  existence  of 
that  principle.  This  I  conceive  to  be  a  sufficient  answer  to  the 
remarks  of  M.  Berthollet,  and  several  other  gentlemen, 
upon  an  observation  of  mine  in  the  first  volume  of  my  System 
of  Chemistry y  that  Bayen's  paper  on  mercury,  published  in 
177^9  firs^  suggested  to  Lavoisier  his  theory  of  combustion. 
This  observation  was  borrowed  from  M.  Delametherje,  whose  his^ 
tory  of  the  progress  of  the  antiphlogistic  theory  published  in  the 
Journal  de  Physique j  as  far  as  I  am  able  to  judge,  is  accurate. 

Be  this  as  it  may,  there  can  be  no  doubt  that  he  was  in  pos- 
session of  the  first  hint  of  his, theory  at  least  as  early  as  the  year 
177^*  He  revolved  it  in  his  mind  with  the  utmost  perseverance 
for  ten  years,  repeated  all  the  important  chemical  experiments 
of  others,  and  contrived  a  great  many  of  his  own  with  reference 
to  his  peculiar  theory,  and  at  last  succeeded  in  demonstrating  by 
indisputable  experiments  a  theory  almost  the  reverse  of  that  of 
Stahl  $  namely,  that  we  have  no  evidence  of  the  existence  of  the 
substance  called  phlogiston^  and  that  in  alt  cases  of  combustion 
oxygen  unites  with  the  burning  body.  If  the  opinion  lately 
advanced  by  Sir  Humphry  Davy,  and  which,  to  me  at  leasr, 
appears  founded  upon  very  strongs,  though  not  perhaps  decisive 
evidence,  be  adopted;  namely,  that  chlorine  Or  oxymuriatic 
acid  is  a  simple  substance,  and  muriatic  acid  a  compound  of 
hydrogen  and  chlorine,  we  must  in  that  case  modify  the  theory 
#f  Lavoirier,  and  admit  combustba  to  take  place  daring  tbe 
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combination  of  (chlorine  with  combustible  bodiesr,  as  well  as 
oxygen.  Indeed,  i^  seems  established  that  combustion  take^ 
place  in  all  cases  of  very  rapid  combination,  whenever  one  of 
the  combining  substances  changes  its  state,  and  from  being 
gaseous  or  liquid  becomes  solid ;  so  that  the  Lavoisierian  theory 
of  combustion  is  now,  we  oelieve,  universally  abandoned ;  but 
this  does  not  detract  from  the  merit  of  Laroisiery  nor  diminish 
the  value  of  his  discoveries. 

In  the  year  17^^  M.  Lavoisier  published  an  exposition  of  his 
theoty  in  a  work  to  which  he  ^ave.the  title  of  Elements  of  Che- 
misify,  a  work  which  cannot  be  praised  too  highly,  whether  we 
consider  the  arrangement  or  the  matter. 

M .  Lavoisier  under  the  old  French  Government  ^as  one  eS 
the  farmers-general  of  the  revenue,  a  situation  usually  attended 
with  much  unpopularity.  About  the  commencement  of  the 
French  revolution,  he  was  appointed  to  superintend  the  salt- 
petre work^,  which  exist  in  considerable  numbers  in  t'rance,' 
As  long  as  the  management  of  affairs  continued  in  the  hands  of 
men  of  respectability  and  education,  neither  his  income  nor  his 
situation  in  life  was  injured;  but  after  the  destruction  of  the 
Brissotin  faction,  when  RobbespieiTC  and  his  vandals  assumed  the 
supreme  power,  all  the  institutions  of  education,  all  literature 
and  science,  were  immediately  proscribed,  and  the  object  of  the 
ruling  faction  seemed  to  be  to  bring  back  France  to  a  state  of 
absolute  barbarism.  During  this  dreadful  period  Lavoisier 
became  apprehensive  tliat  he  would  be  stripped  of  his  property, 
and  he  informed  Lalande  that  if  such  an  event  took  place  he 
would  support  himself  by  commencing  apothecary;  but  his  days 
were  cut  short  by  the  bloody  policy  of  the  ruling  faction.  He 
was  accused  of  defrauding  the  public  revenue;  and  in  those 
dreadful  days  accusation  and  con4emnation  were  scarcely  ever 
separated.  He  was  thrown  into  prison,  and  suffered  on  the 
scafifold  on  the  8th  of  May,  1  ^94,  in  the  fifty-first  year  of  his 
age.  He  was  employed  at  the  time  in  a  set  of  experiments  oa 
respiration,  and  requested  a  delay  of  a  few  days  in  order  to  finish 
his  observations ;  but  he  was  answered,  that  the  Republic  had 
no  occasion  for  chemists,  and  hurried  out  to  immediate  execu- 
tion. 

Let  us  now  take  a  view  of  the  numerous  writings  of  Lavoi- 
sier; by  which  he  secured  to  himself  so  high  a  reputation,  and 
produced  so  great  a  cliange  ia  the  science  of  chemistry. 

1.  His  first  work,  as  far  as  I  am  acquainted  with  his  writings^ 
was  a  volume  of  essays,  physical  and  chemical,  published  in  the 
year  1774^-  This  volume,  which  was  translated  into  English  by 
Mr.  Henry,  of  Manchester,  and  into  German  by  Mr.  Weigel, 
is  divided  into  two  parts.  In  the  first  part  he  gives  a  minute 
and  pretty  accurate  hi$torical  detail  of  the  discoveries  made  in 

f2 


94  Siogrnphical  Account  of  [AtrO« 

jtaeumatic  chemistry  before  his  publication.  He  states  the  facts 
ascertained  by  Van  Helmont,  Boyle^  Hales,  Boerhaave,  Stahl, 
Venelj  Black^  Saluces,  Macbride,  Cavendish,  and  Priestley;  and 
gives  OS  an  account  of  Meyer's  theory  of  calcination,  and  the 
cause  of  causticity  in  lime  and  alkalies,  the  defence  of  this 
theory  by  Crai  and  de  Smeth,  and  its  refutation  by  Jacquin. 
In  the  second  ^rt  he  relates  a  number  of  experiments  of  his 
own,  chiefly  relative  to  Dr.  Black's  theory  e(  the  dilSerence 
between  auick-lime  and  limestone,  and  of  the  cause  of  the 
causticity  m  alkalies.  He  demonstrates  the  existence  of  carbonie 
acid  in  the  mild  alkalies,  and  ia  calcareous  spar ;  shows  that  it 
has  the  property  of  combining  with  the  alkaline  and  earthy 
bases,  and  with  metallic  oxides.  He  ascertains  the  effect  of 
this  gas  upon  animals  and  upon  combustion,  and  shows  that 
water  absorbs  it.  His  experiments,  though  satisfactory  as  to  the 
truth  of  Dr.  Black's  theory,  are  not  to  be  compared  to  the  pre- 
ceding Experiments  on  the  same  subject  made  by  Mr.  Cavendish, 
which  are  greatly  superior  both  in  point  of  accuracy  and  value. 
He  terminates  the  volume  by  some  experiments  on  the  combus- 
tion of  phosphorus,  in  which  he  shows  that  phosphorus  absorbs 
a  portion  of  the  air,  that  it  will  not  burn  without  air,  and  that 
it  will  not  become  acid  without  absorbing  air.  He  shows  the 
same  thing  with  respect  to  sulphur,  and  he  says  that  gunpowder 
will  not  burn  in  vacuo.  How  he  fell  into  this  mistake  it  is  not 
easy  to  say.  The  contrary  had  been  proved  long  before  by 
Haukesbee,  Robins,  &c.  He  made  some  experiments  on  air^ 
in  which  phosphorus  has  burnt  out,  and  shows  that  it  is  not  the 
same  as  carbonic  acid  gns.  From  these  observations  we  see  that 
he  was  on  the  way  to  his  particular  theory  of  combustion ; 
though  the  ignorance  of  oxygen,  or  of  the  nature  of  air,  pre- 
ventoi  his  views  from  beingieither  steady  or  correct. 

Though  I  have  mentioned  this  volume  of  essays  in  the  first 
place,  because  it  was  published  by  itself,  yet  it  was  not  the  first 
of  M.  Lavoisier's  works.  His  other  dissertations  were  published 
in  the  Memoirs  of  the  French  Academy,  in  the  Journal  de 
Physique,  and  in  the  Annates  de  Chimie.  I  shall  notice  thera 
as  nearly  as  possible  in  the  order  of  their  dates,  though  this  i» 
attended  with  considerable  difficulty ;  because  the  Memoirs  of 
the  Academy  were  often  published,  and  even  contain  papers 
written  several  years  after  the  date  upon  the  title  page,  and 
abstracts  of  his  ps^rs  sometimes  made  their  appearance  ia  the 
Journal  de  Physique  before  they  were  published  in  the  Memoirs 
of  the  Academy.  I  may  therefore  now  and  then  commit  an 
error  with  respect  to  date ;  but  \tk  most  eases  thb  is  immaterial. 

2.  His  first  paper  in  the  Memoirs  of  the  Academy  is  upoft 

Gypsmn.    It  will  be  found  in  the  volume  for  17^8.     He  gives 

'«i  ^l^mpunt  ^  the  properties  oi  gjrpsum  at  great  lengthy  and 
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details  his  experiments  upon  its  composition.  In  tUese  be  had 
been  anticipated  by  Margraaf,  who  in  the  Berlin  Memoirs  fof 
1750  had  shown  that  gypsum  is  a  compound  of  sulphuric  acidy 
Ikne,  and  water. 

3.  In  the  Memoirs  of  the  Academy  for  I7it0  are  two  very 
daborate  papers  by  Lavoisier  on  the  Nature  ofiWoieVy  and  on 
the  Experiments  which  were  supposed  to  prove  (it>at  it  might  b^ 
converted  into  an  Earth.  In  the  first  he  gives  a  vtiry  full  account 
of  the  experiments  and  opinions  of  preceding  chemists  on  thi^ 
subject.  He  states  the  experiments  of  Van  Helmont,  Boyle^ 
Triewald,  Miller,  Eller,  Gleditch,  Bonnet,  Kraft^  Alston, 
Wallerius^  Beccher,  Stahl,  and  Margraaf.  There  is  some 
oonfiision  in  this  historical  detail.  The  experiments  of  Boyle^ 
EUar,  and  Margraaf,  lead  directly  to  the  conclusion  that  water 
by  long  digestion  in  glass  vessels  may  be  converted  into  earth  | 
while  the  other  experimenters  endeavoured  to  prove  that  it 
might  be  converted  into  all  the  constituent  parts  of  vegetables. 
In  the  second  part  he  gives  us  the  result  of  his  own  experiments, 
'from  which  it  appears  that  warm  water  has  the  property  of 
decomposing  glass ;  and  that  the  earth  obtained  by  Boyle, 
Eller,  and  Margraaf,*  was  merely  a  portion  of  the  silicious 
earth  of  the  glass  vessels  in  which  the  experiments  had  been 
performed.  Scheele  came  to  the  same  conclusion,  and  detailp 
hu  experiments  in  his  Treatise  on  Fire,  published  in  1777. 

4.  In  the  Memoirs  of  the  Academy  tor  1771  we  find  his 
Calculations  and  Observations  on  the  Project  of  erecting  a  Steam 
Engine  to  supply  Paris  with  Water.  Tnis  elaborate  dissjertatipn 
being  merely  of  a  local  nature^  we  do  not  consider  it  necessary 
to  give  any  details  respecting  it. 

-  5.  A  Memoir  on  the  Use  of  Spirit  of  Wine  in  the  Analysis  of 
Mineral  Waters.  Mem.  Par.  \^^2.  In  this  paper  he  details 
bis  experiments  on  the  solubility  of  different  salts  in  alcohol  di 
different  strengths.  He  gives  many  valuable  directions  about 
the  method  of  proceeding  in  the  analysis  of  water ;  and  relates 
various  experiments  on  the  constituents  of  sea-water,  and  oa 
other  particulars  connected  with  this  branch  of  chemistry. 
Though  this  paper  is  not  equal  in  importance  to  the  dissertation 
published  soon  after  by  Bergman  on  the  same  subject,  it  pos- 
sesses, notwithstanding,  considerable  value.  Hence  it  is  sur- 
prising that  it  has  been  so  completely  overlooked  by  succeeding 
writers  on  the  subject.  The  greatest  fault  in  it  is  the  not  giving 
the  specific  gravity  of  the  alcohol  employed. 

6.  Two  Memoirs  on  the  Destruction  of  the  Diamond  by  Fire. 
Mem.  Par.  1772.  Published,  I  believe,  in  1776.  The  first  rf 
these  memoirs  contains,  according  to  the  plan  adopted  by  La- 
voirier,  an  historical  detail  of  the  experiments  naade  by  others 
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on  the  combustibility  of  the  diamond ;  while  in  the  second 
ibemoir  he  makes  us  acquainted  with  his  own  experiments  on 
the  subject.  He  shows  that  the  diamond  is  a  combustible  subr 
stance;  and  that  when  it  is  burnt,  a  portion  of  the  same  gas 
(carbonic  acid)  is  formed^  which  makes  its  appearance  after  the 
combustion  of  charcoal.  This  paper  i^  interesting,  not  only  for 
this  curious  discovery,  but  because  it  seems  to  have  led  Lavoisier 
to  those  experiments  which  afterwards  made  him  acquainted  with 
the  constituents  of  carbonic  acid. 

7.  Reprrrt  made  to  the  Academy  of  Sciences  by  MM,  Fouge^ 
roiix^  Cadetj  and  Lavoisier,  of  an  Observation  communicated  by 
M,  VAbbi  Bachelay  respecting  a  Slone  svpposed  to  have  fallen 
from  the  Clouds  during  a  Si07'm.  Jour,  de  Phys.  ii.  251 .  This 
papef  is  curious.  The  opinion  that  the  stone  fell  from  the  skies 
is  treated  with  contempt.  '^There  is  an  imperfect  analysis  of  it^ 
from  which  it  appears  that  it  contained  sulphur,  iron,  and  earth. 
JJence  there  is  every  reason  to  believe  that  it  was  similar  to  the 
meteoric  stones,  with  which  at  present  we  are  so  well  acquainted. 

8.  Observations  communicated   to    the  Royal  Academy   of 
Sciences  on  a  singular  Effect  of  Thunder,    jour,  de  Phys.  ii. 
310.  •  ^ 

9.  A  Letter  to  the  Author  of  the  Reciieil  siir  V Atlas  Mine^- 
ralogiqtie  de  la  France.  Jour,  de  Phys.  ii.  372.  This  letter 
contains  a  variety  of  mineralogical  remarks  on  France,  but  too 
imperfect  to  deserve  to  be  transcribed. 

10.  Experiment  on  the  Freezing  of  Water.  Jour,  de  Physr. 
ii.  510.  This  is  a  verification  of  Dr.  Black's  theory  of  latent 
heat,  which  had  been  already  made  known  in  France  by  Des- 
marets,  and  in  Sweden  by  Wilke. 

1 1 .  Observations  on  some  Circumstances  respecting  the  Crysr 
fallizing  of  Salts.  Jour,  de  Phys.  1773,  p.  10.  These  relate 
to  some  peculiarities  respecting  the  crystallization  of  sulphate  of 
soda,  supposed  by  Baume  to  be  owing  to  some  alkalies  lying  at 
the  distance  of  several  feet.  Lavoisier  showed  that  the  inference 
ivas  inaccurate. 

12.  Analysis  of  the  White  Lead  Ore  of  Poulawen  in  Lower 
Britany,  by  MM.  Bourdelin,  JMalouin,  Macquer^  Cadet, 
Lavoisier y  and  Baume.  Jour,  de  Phys.  iii.  346.  They  demon- 
strated that  the  opinion  entertained  by  Sage,  that  this  ore  was  m 
puriate  of  lead,  is  incorrect.  From  the  experiments  which 
ihey  made  upon  it  there  can  be  little  doubt  that  the  ore  examined 
was  carbonate  of  lead  :  though  there  is  no  description  sufficient 
to  make  us  acquainted  with  the  characters  which  it  possessed. 

13.  First  Essay  of  the  great  Burning  Glass  of  M.  Trudaine 
established  in  the  Garden  of  the  Infanta  in  Ociol^r^  177^  5'  by 

'  f4.  Trudaine^  de  Montigny,  Macquery  Cadet j^  Lavoisi^,  am 
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Brisson.  Mem.  Par.  1774.  Published,  I  believe,  in  1778. 
Thi«  paper  is  curious,  as  it  details  the  effect  of  a  violent  heat 
upon  a  variety  of  bodies. 

14.  Memoir  on  the  Calcination  of  Tin  in  close  Vessels^  and  on 
the  C(mse  of  the  Increase  of  Weight  which  that  Metal  e:cpe^ 
riences  during  that  Process.  Mem.  Par.  1774.  Published,  I 
believe,  in  177^.  This  is  a  very  important  paper.  It  consist^ 
in  the  repetition  of  an  experiment  formerly  made  by  Boyle. 
Lavoisier  demonstrated  that  a  portion  of  the  air  combined  with 
the  tin  during  the  calcination,  and  occasioned  the  increase  of  its 
weight.  This  important  fact,  combined  with  some  experiments 
made  about  the  same  time  by  Bayen  on  mercury,  enabled  him  to 
give  a  new  and  satisfactory  explanation  of  the  calcination  of 
metals.  This  paper,  therefore,  may  be  considered  as  consti- 
tuting the  basis  of  the  Lavoisierian  theory. 

15.  Memoir  on  the  Nature  of  the  Principle  which  combines 
tvith  the  Metals  during  their  Calcination,  and  which  increases 
their  Weight.  Mem.  Par.  177^.  Published,  I  believe,  in 
177B.  In  this  paper  he  farther  developes  the  nature  of  calcina* 
tion,  and  explains  some  of  the  properties  of  oxygen  gas.  As 
fisur  as  I  recollect  (for  I  have  not  the  volume  of  the  Academy  at 
hand).  Dr.  Priestley's  name^ never  occurs  in  the  whole  of  this 
paper,  nor  is  any  notice  taken  of  the  striking  peculiarities  of 
oxygen  gas  already  described  by  Priestley.  It  is  somewhat 
difficult  to  reconcile  this  conduct  of  Lavoisier  with  candour ; 
for  Dr^  Priestley  had  published  his  account  long  before  this 
paper  met  the  public  eye :  and  he  informs  us  himself  that  while 
he  was  in  Paris  in  1774  he  showed  Ijavoisier  the  way  of  procuring 
oxygen  gas  from  red  precipitate,  and  exhibited  to  him  its  most 
remarkable  property  of  supporting  combustion  better  thaji 
atmospheric  air.  Now  this  was  the  very  process  employed  by 
Lavoisier  to  procure  oxygen  gas, 

1 6.  Report  made  to  the  Academy  of  Sciences  on  Rouge.  Jour, 
de  Phys.  tom.  vi.  p.  322.  This  is  a  kjnd  of  historical  account 
of  the  red  paint  used  for  the  face.  It  is  known  to  be  extracted 
from  the  blossom  of  the  carthamus  tinctorius. 

17.  Memoir  on  the  Existence  of  Air  in  Nitrous  Acid,  and 
on  the  Method  of  Composing  and  Decomposing  that  Acid. 
Mem.  Par.  1776.  Published,  I  l>elieve,  in  178O.  In  this 
paper  Lavoisier  gives  an  account  of  the  experiments  of  Priestley, 
and  he  shows  experimentally  that  nitric  acid  is  a  comix)und  of 
nitrous  gas  and  oxygen  gas. 

18.  On  the  Comiusiion  of  the  Phosphorus  of  Kunkelp'  and  on 
the  Nature  of  the  Acid  which  results  from  that  Combustion. 
Men).  Par.  1777'  Published,  I  believe,  in  178I.  This  paper 
May  be  considered  as  the  basis  of  Lavoisier's  theory  respecting 
the  constitution  pf  acids.    He  shows  that  phosphoric  acid  is  a 
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(pompound  cS  phosphorus  and  oxjrgen.  He  dQicrHifet  fiie  proper-^ 
ties  of  phosphioric  acid,  and  of  the  salts  which  it  forms  with  the 
different  bases.  Till  this  paper  appeared^  phosphoric  acid  was 
iknknown  to  the  chemical  world* 

19.  Analysis  of  some  Waters  Iroughijrom  Italy  by  M.  Cas^ 
sinif  jun.  Mem.  Par.  1777*  Published,  I  belM^ve,  in  1781, 
These  waters  were  found  to  hold  in  solution  a  considerable 
(Quantity  of  alum  and  sulphate  of  iron^  and  to  contain  a  great 
(toLcess  of  sulphuric  acid. 

2!0.  Experiments  on  the  A$k  erfiphyed  hy  the  Saltpetre'w 
makers  of  Paris,  and  on  its  Use  in  the  Preparation  of  Saltpetre^ 
Mem.  Far.  1777*  Published,  I  believe,  in  \*JQ\.  JjjBiyoisief 
ipmid  this  ash  to  yield  the  following  salts  ^—r 

Sulphate  of  potash. 
Sulphate  of  soda. 
Common  salt. 
.     .  A  salt  in  needles,  nature  unknown^ 

Sulphate  of  lime. 

Besides  a  quantity  of  combustible  and  insoluble  eartKy  mattier, 

21.  Experiments  ofi  the  Respiration  of  Animals,  and  on  the 
Changes  prodtwed  in  the  Air  by  being  draum  into  the  LungSp 
Mem.  Par.  1777-  Published,  I  believe,  in  17SI.  Tlus  is  one 
pf  the  most  celebrated  of  all  Lavoisier's  papers.  He  gives  a 
bistory  of  the  observations  formerly  mad^  on  irespiration  I^ 
Hales,  Cigna,  and  Priestley ;  but  takes  no  nptice  of  the  disiio*' 
very  of  the  evolution  of  qarboniq  acid  gas  by  breathing  made  by 
Dr.  Black.  In  this  paper  he  shows  that  oxygen  disappears,  that 
carbonic  acid  and  a  quantity  of  water  appears ;  and  he  endea-*. 
vours  to  assign  the  proportions  of  these  changes  3  but  he  after<p 
fvards  altered  his  opinion  respecting  them. 

22.  Memoir  on  the  Combustion  of  Candles  in  Atmosphp-ic  Air 
and  in  Oxygen  GaSf  .  Mem.  Par.  1777-     Published,  I  believe,- 
in  1781.    H,e  shows  that  a  portion  of  the  oxygen  \s  converted 
into  carbonic  acid  gas,  and  that  the  candle  goes  out  jiong  before « 
^  whole  of  the  oxygen  of  the  air  is  abstracted. 

2d.  Memoir  on  the  Solution  of  Mercury  in  Sulphteric  Acid^' 
find  the  DecompQsition  of  that  A^d  into  Sulphurous  Acid  Gas  . 
fmd  Oxygen  Gcfs.    Mem.  Par.  1777*    Published,  I  believe,  in 
^781*    'fbis  was  the  first  attempt  to  ascertain  the  composition 
pf  sulphuric  acid,  and  tp  point  put  the  real  difFerenpe  between  it 
pnd  sulphurous  acid. 

24.  Experiments  on  the  Crystallization  of  a  Fluid  Alkali  by 
JSlectricity.    Jour,  de  Phys.  torn.  x.  p.  104. 

26.  Experiments  qn  the  Combination  of  Alum  tvith  Charry 
ifiatterSf  and  on  the  Changes  produced  in  the  Air  in  which  Pyrch- 
th^iif  is  turnt.    iH^epb.  f^ar,  1777-    Published,  I  believe^  ii| 
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1781.    He^Ows  the  formation  of  carbonic  acid  pa,  and  the 
diminution  of  the  oxygen  of  the  air. 

26.  Memoir  on  the  Vitriolixatum  of  Martial  Pyrites.  Mem. 
Par*  1777*  Published^  I  believe^  in  1781.  He  shows  that 
dnrii^  the  process  the  oxygen  of  the  air  is  absorbed. 

27.  On  the  Combination  of  the  Matter  of  Fire  with  evaporalle 
TUadSf  and  on  the  Formation  of  the  elastic  aeiiform  Fluids. 
Mem.  Par.  1777*  In  this  paper  he  lays  dow]^  the  doctrine  that 
heat  combines  with  bodies,  and  changes  them  into  elastic  j9uids; 
a  doctrine  obviously  founded  on  Dr.  Black's  theory  of  latent 
beat,  though  Dr.  Black's  name  never  occurs  in  the  paper. 

2S.  Experiments  made  by  Order  of  the  Academy  on  the  Cold  of 
the  Year  \^^S\  hy  MM.  Bezouty  Lavoisier,  ana  Fandermonde* 
Mem.  Par.  1777. 

29.  Memoir  on  Combustion  in  general.  Mem.  Par.  1777-  In 
diis  essay,  published  in  17^1 9  he  gives  us  the  first  distinct 
account  of  nis  theory  of  combustion,  and  combats  the  Stahlian 
doctrine  of  phlogiston. 

30.  Analysis  of  the  Water  of  the  Dead  Sea ;  by  MM.  Mac-- 

SMT,  Lavoisier y  and  Sage.  Mem.  Par.  1778.  Published,  I 
lieve^  in  1782.  The  result  of  this  analysis  will  be  found  in 
the  first  number  of  the  Annals  of  Philosophy. 

Si.  Experiments  on  a  White  Steatite,  converted  by  Fire  into 
an  excellent  Biscuit  of  Porcelain;  by  MM.  Gueitard  and 
Jjovoisier.    Mem.  Par.  1778. 

32.  Description  of  two  Coal  Mines  situated  at  the  Foot  of  the 
Mountains  of  VbyeSj  the  one  in  Franche  Comte^  the  other  in 
Akace,  with  some  Experiments  on  the  Coal  which  they  yield ; 
by  MM.  Guettard  and  Lavoisier.    Mem.  Par.  1778. 

S3.  General  Consideratipns  on  the  Nature  of  Acids,  and  on  the 
principles  of  which  they  are  composed.  Mem.  Par.  1778.  In 
Ais  paper  he  lays  down  his  doctrine,  that  all  acids  contain 
loygen,  and  that  oxygen  is  the  acidifying  principle. 

34.  Report  made  to  the  Academy  on  the  Gold  which  may  be 
^traded  from  the  Ashes  of  Vegetables ;  by  MM.  Macquer, 
Cadet,  Lavoisier,  Baume,  Bouquet,  and  Comette.  Mem.  Par. 
1778.  This  report  was  re^d  to  the  Academy  on  the  21st  of 
August^  1779.  It  refuted  the  opinion  advanced  by  Sage,  and 
aome  other  chemists,  that  the  ashes  of  vegetables  yielded  a  con- 
aiderable  quantity  of  gold. 

35.  Memoir  on  some  Fluids  which  may  be  obtained  in  the 
aeriform  State  at  a  Temperature  little  superior  to  the  mean  Tentn 
perature  of  the  Earth.  Mem.  Par.  1780.  Published  in  1784. 
These  fluids  are  ether,  alcohol,  and  water.  The  experiments 
IM  not  satisfactory. 

36.  Second  Memoir  on  the  different  Comlinations  of  Phos^ 
phoric  Acid.    Mem.  Par.  1780.    Published  in  1784. 


90  Biographical  Accmml  of  [AcJ6« 

S'J.  Memoir  on  a  particular  Process  for  converting  V^osphoru^ 
into  Phosphoric  Acid  without  Combustion.  Mem.  Par.  1780, 
Published  in  1784.  This  is  the  method^  by  the  action  of  nitric 
acid,  at  present  so  well  known. 

38.  Memoir  on  Heat ;  by  MM.  Lavoisier  and  de  la  Place, 
Mem.  Par.  1780.  This  is  the  well  known  memoir  in  which  the 
quantity  of  heat  evolved  by  different  bodies'  when  burnt,  &c.  was 
measured  by  means  of  the  calorimeter. 

39.  Report  made  to  the  Royal  Academy  of  Sciences  on  the 
Prisons,  the  17 th  March,  1780;  by  MM.  da  Hamel,  de 
Montigny,  le  Roy,  Tenon,  Tillet,  ana  Lavoisier.  Mem.  Par. 
1780. 

40.  Experiments  on  the  Composition  of  IVater.  Mem.  Par. 
178I.  Published  in  1784.  This  paper  contains  the  result  of 
Lavoisier's  experiments  on  the  composition  of  water.  It  is 
particularly  valuable,  on  account  of  the  historical  details  which 
It  contains.  Among  other  facts,  he  mentions,  that  before  he 
began  hj^  own  experiments  he  had  been  informed  by  Sir  Charles 
Blagden  that  the  experiment  h^d  been  already  performed  by 
Mr.  Cavendish,  who  had  ascertained  that  water  is  a  compound 
of  oxygen  and  hydrogen  gas. 

4 1 .  Experiments  on  the  Decomposition  of  Water,  showing  that 
this  Liquid  is  not  a  simple  Substahce,  and  pointing  out  a  Method 
qf  obtaining  Hydrogen  Gas  in  abundance ',  by  MM.  Meusnier 
and  Lavoisier,  Mem.  Par.  1781-  Published  in  1784;  and 
read  to  the  Academy  on  the  21st  of  April,  IJ'SA.  The  method 
used  was  to  pass  water  through  red-hot  iron.  The  iron  was 
oxydated,  and  abundance  of  hydrogen  gas  was  evolved. 

42.  Experiments  on  the  Electricity  absorbed  by  Bodies  during 
their  Conversion  into  Vapour ;  by  MM.  Lavoisier  and  la  Place. 
Mem.  Par.  1781.     Published  in  1784. 

43.  Experiments  on  the  Heat  produced  during  the  burning  of 
different  Combustibles.     Mem.  Par.  1781.    Published  in  1784. 

44.  Remarks  on  Scheele*s  Book  on  Fire  and  Air.  Mem.  Par. 
I78I.  Published  in  1784.  These  remarks  are  chiefly  confined 
to  the  phenomena  of  calcination  and  combustion.  ^ 

45.  Observations  on  the  Method  of  Illuminating  Theatres^ 
Mem.  Par.  I78I.     Published  in  1784. 

46.  Experiments  on  the  Composition  of  the  Jcid  called  Fixed 
Air,  or  CalcaYeotLS  Add,  and  which  I  for  the  future  shall  call 
Carbonic  Acid.  Mem.  Par.  178I.  Published  in  1784.  This 
is  another  of  the  most  important  of  Lavoisier's  experimental 
essays.  He  determines  the  composition  of  carbonic  acid  with 
much  industry ;  and  the  proportions  which  he  assigns,  28  carbon 
and  72  oxygen,  are  probably  as  near  the  truth  as  any  other 
results  hitherto  oftered  to  the  public.  In  this  paper  he  distin- 
guishes vital  air  by  the  term  oxygen,  which  it  at  present  bcar^. 
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Tbis  essa^  together  with  one  of  Cavendish  on  the  saa)e  subject, 
was  the  principal  weapon  employed  to  overturn  the  notion  (^ 
phlogiston  advanced  by  Mr.  Kirwan« 

47.  Description  of  a  Method  to  increase  the  Effect  of  Heat 
produced  by  Chemical  Operations.  Mem.  Par.  1782.  Published 
ifi  Ji785.  This  was  by  means  of  a  stream  of  oxygen  gas,  a 
method  now  too  well  known  to  require  any  description  here. 
Lavoisier  describes  the  apparatus  which  he  employed  for  the 
purpose. 

48.  Experiments  on  the  Effect  produced  by  a  very  high  Tern-' 
perature  on  the  Precious  Stones,  This  consists  in  a  detail  of  the 
experiments  made  by  means  of  the  apparatus  described  in  the 
preceding  paper. 

49.  On  the  Union  of  Nitrous  Gas  with  Common  Air.  TTiis  is 
a  eudiometrical  paper,  in  which  Lavoisier  endeavours  to  calcu- 
late from  the  mixture  of  nitrous  gas  and  common  air,  and  the 
diminution  of  bulk,  the  quantity  of  oxygen  gas  contained  in 
common  air.  It  is  needless  to  observe  that  it  is  far  inferior  to 
Jtfr.  Cavendish's  paper  on  the  same  subject. 

50.  General  Observations  on  the  Solution  of  the  Metals  in 
Acids.  Mem.  Par.  1782.  Published  in  1785.  This  is 
another  of  the  important  dissertations  by  which  Lavoisier 
established  his  theory.  He  makes  use  of  the  decomposition  of 
waterwith  great  address  and  ingenuity.  Indeed,  I  consider  this 
as  the  most  profound  of  all  Lavoisier's  essays.  He  commits 
occasional  mistakes,  but  his  reasoning  on  the  whole  is  accurate. 

51.  Experiments  on  the  Precipitation  of  one  Metal  by  another* 
Mem.  Par.  1782.  Published  in  1785.  This  is  also  a  very 
purious  paper.  He  gives  the  true  theory  of  these  precipitations, 
and  endeavours  from  them  to  determine  the  proportion  of  oxygen 
which  unites  with  the  different  metals.  Though  all  his  results 
fire  wrong,  his  table  is  still  curious,  as^it  exhibits  the  first  attempt 
to  determine  this  very  important  point. 

52.  On  the  Affinity  of  Oxygen  for  the  different  Bodies  with 
which  it  can  unite.  Mem.  Par.  1782.  Published  in  1785. 
This  may  be  considered  as  a  kind  of  treatise  on  affinity.  Consi- 
derable ingenuity  is  displayed  in  determining  the  affinity  of 
different  bodies  tor  oxygen ;  and  though  the  table  given  is  not 
liccurate,  it  constituted  a  valuable  groundwork  for  succeeding 
experimenters. 

53.  On  the  Combination  of  Oxygen  with  Iron.  Mem.  Par. 
1762.  Published  in  1785.  These  elaborate  experiments  cannot 
be  .considered  as  very  successful. 

54.  On  the  Nature  of  the  elastic  Fluids  disengaged  during^  the 
Fermentation  of  Animal  Substances.  Mem.  Par.  1782.  Pub- 
lished in  1735.  The  chief  gas  obtained  during  his  experiments 
iras  carbonic  acid  gas. 

p5.    New  Observations  on  the  Increase  of  Weight  which 
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Sulphur  and  Phosphorus  undergo  when  ImmL  Mem.  Par.  1783. 
Published  in  1786. 

56.  Remarks  on  Phlogiston^  An  Exposition  of  ihe  Theory  of 
Combustion  and  Calcination  made  known  in  1777-  Mem.  Far. 
1783.  Published  in  1786.  This  is  a  full  exposition  of  his  own 
theory,  and  a  refutation  of  the  Stahlian  theory.  By  this  time 
Lavoisier  had  been  joined  by  Berthollet  and  FoorcrOy,  and  had 
formed  the  design  of  propagating  his  opinions. 

57.  Experiments  on  the  Effect  of  a  Fire  supported  hy  Oxygen 
Gas  on  the  Weight  and  F\ision  of  Mineral  Bodies.  This  is  a 
contmuation  of  a  subject  already  begun  in  a  preceding  paper. 

58.  Memoir  on  the  Manufacture  of  Saltpetre.  Ann.  de 
Chim.  XV.  225.  It  is  generally  believed  that  Lavoisier  was 
mistaken  in  his  opinion  respecting  the  great  (][uantity  of  saltpetre 
volatilized  during  the  boiling  of  the  ley. 

59.  Result  of  some  Experiments  on  jigriculture,  and  Refiec^ 
lions  on  their  Connection  with  Political  Economy.  Ann.  de 
Chim.  XV.  297. 

These  are  all  the  papers  of  Lavoisier  with  which  I  am  ac-» 
quainted.  It  is  probable,  considering  the  dreadful  period  during 
which  he  terminated  his  career,  that  he  may  have  published 
others  with  which  I  am  unacquainted.  His  Essay  on  the  Chemi- 
cal Nomenclature,  and  his  Elements  of  Chemistry,  are  too  well 
known  to  require  being  particularized.  I  do  not  notice  the 
posthumous  volume  of  his  essays  published  about  six  years  ago 
m  Paris  by  his  widow^  because  I  have  never  had  an  opportunity 
of  seeing  the  book.  It  is  chiefly  historical^  and  will  be  more 
curious  by  determining  the  objects  which  Lavoisier  aimed  at, 
than  the  dates  of  his  speculations^  which  are  sufficiently  deter* 
mined  from  his  original  publicationis. 


Article  IL 

Experiments  on  the  absolute  Magnetic  Declination,  and  on  the 
Amount  ef  the  Hwary  Variations  of  Needles  in  the  same 
Place  and  Time^  according  as  the  Magnetic  Fluid  is  differently 
distributed  in  their  Interior.  By  Dr.  Schiibler^  pf  Stutt-» 
gardt.* 

Thb  following  experiments  were  made  with  simple  needles^ 
three  or  four  feet  in  lengthy  suspended  by  a  fine  silk  thready  ia 

*  Traoslaled  from  the  Journal  de  Phtftigtu  for  September,  1812,  vol.  Ixzr. 
jp.  179.  I  have  been  induced  to  translate  this  paper  by  the  sia^larity  of  the 
reraiti  which  it  exhibits.  Though  far  fr6ra  convioced  cf  tlieir  aecujracjvl 
fhlnk  they  are  entitled  tp  a  careful  repetition,  in  order  to  ascertain  whether 
Mi  «Mte  •f  the  Bcedk  itielf  Imw  any  effect  «poD  Che  daily  Tariaiioo. 
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an  apparatus  which  screened  thera  from  the  action  Of  the  air* 
The  magnet  which  communicated  to  them  the  magnetic  virtue 
was  in  the  shape  of  a  horse-shoe^  and  usually  weighed  about 
four  pounds. 

Exper.  I. 

I  took  a  new  needle,  on  which  no  magnetic  experiments  had 
been  made,  and  converted  it  into  a  magnet  in  the  ordinary  way, 
fay  the  ddubl^  and  single  touch.  It  exhibited  the  small  horary 
variations  of  the  ordinary  needle.  I  took  a  second  needle, 
perfectly  similar  to  the  first ;  but  instead  of  communicating  to  it 
magnetism  in  the  usual  way,  I  placed  the  south  pole  of  the 
magnet  on  the  middle  of  the  needle,  and  drew  it  ten  tim^s  to 
one  of  the  ends  of  the  needle  without  returning  back  again.  I 
then  drew  it  in  the  same  way  ten  times  towards  the  other  en4; 
and  then  by  means  of  a  small  sensible  needle  determined  the 
poles  of  this  long  needle,  to  which  magnetism  had  been  commu- 
nicated in  the  peculiar  way  just  described.  Its  two  ends  were 
north  poles ;  the  middle  was  a  south  pole  (as  might  have  been 
foreseen  from  the  manner  of  communicating  the  magnetic 
virtue).  A  more  attentive  examination  presented  the  following 
^position  of  its  magnetism : — 

o            —  m            o 
+  m'4 -^  +m 

This  needle  underwent  a  daily  variation  of  40  or  50  minutes, 
and  even  of  60  minutes,  when  the  sky  was  serene ;  while  an 
ordinary  needle  varied  only  10  or  12  minutes  per  day.  In 
February  it  moves  towards  the  tast  at  nine  in  the  morning,  and 
in  the  beginning  of  April  at  half-past  seven  in  the  morning.  It 
moves  towards  the  west  between  two  and  three  in  the  afternoon, 
and  with  such  rapidity  as  to  alter  8  or  10  minutes  in  an  hour. 
From  three  to  nine  it  inclines  again  towards  the  east,  and  then 
returns  again  towards  the  west.  Hitherto  I  have  observed  thesa 
variations  to  be  greatest  when  the  sky  is  serene,  and  smallest 
when  cloudy  or  rainy.  I  have  repeated  the  experiment  with 
various  needles  treated  in  the  same  way,  and  have  always 
obtained  the  same  declination. 

Expei\  II. 

I  took  another  needle  similar  to  the  former.  1  placed  the 
south  pole  of  the  magnet  upon  its  middle,  nnd  drew  it  ten  times 
to  the  extremity  of  the  needle  inclined  towards  the  north,  while 
the  other  half  of  the  needle  remained  untouched.  This,  of 
course,  was  the  same  kind  of  operation  as  the  preceding.  The 
aeedi^as  before,  exhibited  great  daily  oscillations.  An  attentive 


94  Ofi  tHe  Dhimal  Magnetic  DectinatuM.        .  (kMs 

examination  showed  me  that  this  needle  possessed  two  north 
poles^  and  that  of  the  two  which  exhibited  the  most  energy 
turned  towards  the  north.  In  this  respect  the  needle  coincided 
with  that  of  the  preceding  experiment. 

Exper.  ILL 

I  took  the  needle  of  Experiment  II.  and  placed  on  its  middle 
the  north  pole  of  the  magnet,  and  drew  it  ten  times  in  the 
direction  of  the  pole  turned  towards  the  south.  The  half  turned 
towards  the  north  remained  untouched.  The  result  was,  that 
the  pole  previously  turned  towards  the  south  became  a  south 
poleV  the  other  nole  became  a  north  pole.  The  needle  thus 
treated  exhibited  the  common  diurnal  variation.  It  appeared, 
however,  to  be  somewhat  less  regular  than  usual. 

Exper.  IV. 

I  took  a  needle  of  new  iron,  and  communicated  to  it  the 
magnetic  virtue  in  the  ordinary  way,  by  the  double  touch.  It 
had  a  north  and  south  pole,  and  in  the  midst  a  point  of  in- 
ilifference.  It  exhibited  the  usual  diurnal  variations  of  the 
common  needle.  In  communicating  the  magnetism  by  the 
double  touch,  the  north  pole  of  the  magnet  was  placed  towards 
the  pole  of  the  satae  name  of  the  needle,  the  south  pole  of  the 
magnet  towards  the  south  pole  of  the  needle,  and  the  magnet 
was  drawn  ten  times  along  the  needle. 
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Upon  a  needle  magnetized  thus  in  the  ordinary  way,  I  placed 
a  magnet  in  a  position  precisely  the  reverse^  as  is  cleaily  seen  ia 
the  following  figure : — 


f\ 
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I  drew  it  along  ten  times  towards  the  north  pole  of  the  needle, 
and  as  often  returning  to  the  middle,  so  that  the  south  half  of 
the  needle  was  not  touched  ^t  all.    The  half  oi  the  needle 
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which  had  been  touched  acquired  at  its  extremity  a  south  pole, 
instead  of  the  north  pole  which  it  formerly  had.  The  needle 
turned  rounds  and  the  touched  end  pointed  towards  the  south. 

H-  m 

— m    <  ■       ■■  ■       ■  '•     '$>    -^m 

Tliis  needle  presented  a  remarkable  phenomenon.  All  th« 
other  needles  that  had  been  magnetized  placed  themselves  in  the 
magnetic  meridian  (which  points  18°  or  20°  towards  the  west); 
but  this  needle  turned  its  poles  precisely  to  the  north  and  souths 
its  direction  coinciding  exactly  with  the  meridian  line  of  Stutfc- 
gardt.  (Its  true  position  and  its  exact  deviation  from  the  meri- 
dian line  require,  in  order  to  be  determined  with  precbion,  a 
more  numerous  set  of  experiments  than  I  possess.)  The  oscil- 
lations of  this  needle  were  also  extraordinary ;  they  extended 
from  2°  —  .45'  to  3° ;  but  they  proceeded,  like  the  others,  ia 
the  evening  and  morning  to  their  maximum  towards  the  east^ 
and  about  two  o'clock  to  their  maximubi  towards  the  west. 

1  afterwards  communicated  to  this  needle  magnetism  in  the 
ordinary  way  by  the  double  touch,  and  observed  it  in  the  same 
circumstances.  It  then  assumed  the  direction  of  the  magnetic 
meridian ;  the  extraordinary  oscillations  disappeared,  and  the 
small  oscillations  of  the  common  needle  again  made  their 
appearance. 

.  Exper,  V. 

To  obtain  the  result  of  the  fourth  experiment  in  a  more 
simple  manner,  I  took  another  iron  needle,  placed  on  its  middle 
the  north  pole  of  the  magnet,  and  touched  it,  as  in  the  first 
experiment,  drawing  it  ten  times  towards  one  pole,  and  ten 
times  towards  the  other,  without  returning.  Both  the  poles  (a& 
I  expected)  were  south  poles,  and  in  the  middle  of  the  needle 
there  was  a  north  pole.  This  needle  took  the  position  of  the 
magnetic  meridian,  and  not  the  true  meridian,  as  was  the  case 
witli  the  needle  with  two  south  poles  in  the  fourth  experiment. 
Its  daily  oscillation  amounted  to  50  or  60  minutes,  being  similar 
in  this  respect  to  the  needle  with  two  north  poles  of  the  first 
experiment,  with  this  difference,  that  at  ten  inr  the  morning  it 
began  to  oscillate  towards  the  west,  while  the  needle  which  had 
two  north  poles  oscillated  at  that  time  towards  the  «ast,  but  its 
maximum  west  was  at  two  o'clock. 

Two  other  needles,  magnetized  in  the  same  way,  exhibited 
exactly  the  same  phenomena. 

Exper,  VL 

'     I  (ook  another  new  needle,  and  communicated  to  it  the  magnetic 
virtue  exactly  in  the  manner  described  in  the  fourth  experiment. 
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This  needle  todc  the  direction  of  the  trae  meridian,  and  not  of 
the  magnetic  meridian.  Its  oscillation  from  six  in  the  morning 
till  two  o'clock  (even  in  cloudy  weather)  usually  amounted  to 
three  degrees.  I  observed  its  direction  for  three  weeks.  I  have 
not  yet  succeeded  in  finding  an  explanation  of  a  result  so  extra- 
ordinary  as  that  of  the  fourth  and  sixth  experiments. 


Article  III. 


Description  of  a  Compass  for  accurate  Observations  on  the  Mag» 
netic  Fariation.     By  Col.  Mark  Beaufoy. 

(With  a  Plate.) 

Thb  prindpal  part  of  this  instrument,  viz.  its  needle,  with 
the  box  and  divided  arch,  to  measure  the  angle  of  variation,  is 
very  similar  to  the  instrument  in  the  possession  of  the  Royal 
Society ;  but  it  is  greatly  improved  by  the  addition  of  a  small 
transit  telescope,  wmch  very  readily  and  accurately  determines 
the  true  meridian,  or  the  zero  from  which  the  degree  of  the 
variation  is  to  be  measured.  This  additk>n  renders  it  particularly 
well  adapted  for  travellers  who  wish  to  make  accurate  observa- 
tions in  different  parts  of  the  globe,  as  it  contains  every  thing 
necessary  for  the  observation  within  itself;  and  as  every  part 
admits  of  adjustment^  by  reversing,  it  may  be  depended  upod 
for  accuracy. 

Plate  IX.  fig.  1,  contains  a  representation  of  the  whole  instru- 
ment in  perspective,  explaining  all  its  parts  at  once.  The  box  con- 
taining uie  needle  is  not  fixed,  as  in  many  compasses,  but  turns 
horizontally  on  a  centre,  and  has  an  index  fastened  to  it,  point- 
ing to  a  divided  arch,  on  the  hms  frame  on  which  it  turns;  and 
the  method  of  observing  is  taviovc  the  box  till  a  line  drawn  on 
it  points  exactly  to  the  end  of  the  needle,  which  being  done  the 
angle  of  variation  is  shown  by  the  divisions  on  the  arch.  F  F  is 
a  mahogany  boacdt  which  is  the  support  of  the  whole  instru- 
ment ;  it  stands  on  the  points  of  three  screws,  G,  H,  I,  by  which 
it  can  be  levelled.  Above  this  is  a  flaf  plate  of  brass,  £  E,  attached 
to  tlie  board  by  a  centre  pin,  and  resting  upon  three  studs,  pro- 
jecting from  the  board,  to  ensure  its  having  a  perfect  bearing, 
whilst  it  admits  of  a  small  horizontal  motion  round  the  centre  by 
means  of  the  screw  WX.  The  plate  E  £  has  the  divided  arch,  971, 
fixed  op^^n  one  end  of  it ;  and  a  vernier,  D,  traverses  against 
the  divisions;  it  is  divided  upon  a  projecting  part  of  a  brass  plate, 
C  Cy  which  moves  on  the  common  centre  pin  of  the  plate  E, 
and  also  the  needle  A  A  B.  The  plate  C  C  has  two  segments 
of  brass  at  each  end  of  the  needle,  and  these  have  the  ceatrt 
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lines  drawn  upon  them,  which  are  brought  to  the  points  of  the 
needle  when  the  observation  is  made.  A  h'ght  brass  box,  d  d, 
with  a  glass  cover,  is  fitted  over  the  plate  C  C,  to  preserve  the 
needle  from  disturbance  from  the  wind ;  it  also  supports  a  small 
double  microscope,  M,  intended  to  assist  in  examinmg  when  the 
indes  line  points  exactly  to  the  end  of  the  needle ;  the  stem  o( 
the  microscope  is  fitted  in  a  dovetail  groove,  and  can  be  removed 
to  the  opposite  end  of  the  box  at  pleasure. 

'The  centre  pin  of  the  plates  £  and  C  terminates  in  an  ex- 
tremely fine  pomt,  pn  which  the  needle  is  suspended,  having  ail 
agate  cap,  B,  to  dlminbh  the  friction  as  much  as  possible.  The 
needle  is  of  a  cylindrical  figure^  about  the  five-hundredth  of  an  inch 
in  diameter,  and  ten  inches  long,  and  weighs  65^  grains,  and  is 
terminated  by  two  conical  points ;  the  circular  enlargement  of 
the-  centre  has  a  hole  through  it,  for  the  reception  of  the  brass 
'  tochet,  B,  which  has  the  agate  cap  fixed  in  it;  the  needle  is,  of 
eouisey  [vovided  with  the  usual  apparatus  for  lifting  it  ofi^  the 
point  when  not  in  use,  to  avoid  wearing  the  point  of  suspension* 
a,  a,  are  two  arms,  screwed  down  upon  the  plate,  carrying  the 
vernier,  D ;  they  support  a  brass  frame,  bj  which  has  the  usual 
damp  screw,  L,  and  tangent  screw,  R,  the  former  to  fasten  it 
to  the  arch,  ^n,  and  the  latter  to  give  a  slow  motion,  and  adjust 
die  box  for  the  observation. 

The  transit  telescope,  O  P,  is  supported  over  the  instrument 
by  two  pillars,  N,  N,  fixed  on  the  brass  plate,  E  £,  and  having 
small  frames  or  boxes,  J,  at  the  top,  for  the  reception  of  the 
Vs,  in  which  the  pivots  of  the  axis,  Q,  of  the  telescope  are 
supported;  this  axis  is  conical,  and  is  fixed  exactly  at  right 
angles  to  the  tube,  O  P,  in  the  same  manner  as  other  transit 
instruments. 

On  the  extremity  of  one  of  the  pivots  of  the  axis,  a  small 
divided  circle,  R,  is  fixed,  and  has  an  arm  at  the  opposite  side 
turning  about  on  the  centre,  and  provided  with  verniers  to  read 
the  divisions  on  the  circle;  to  this  arm  a  small  level,  S,  is 
attached;  the  whole  forming  a  flying  index  to  set  the  telescope  at 
any  required  altitude,  by  setting  the  index  at  the  proper  divi- 
mon^  and  then  moving  the  telescope  till  the  bubble  of  the  level^ 
S,  shews  the  index  to  be  horizontal ;  the  eye-piece,  A,  of  tlie 
telescope  has  a  small  dovetail  in  it  to  admit  a  dark  glass  for  obser- 
vation of  the  sun ;  gy  are  the  screws  for  adjusting  the  wires  in 
the  eye-piece  as  usual ;  the  separate  figure,  T  V,  is  a  level  to 
adjust  the  instrument. 

Manner  of  adjusting  the  instrument  previous  to  observation. — 
First  place  the  feet,  k,  /,  of  the  level,  upon  the  brass  plate,  E  E, 
in  different  directions,  and  bring  it  level  by  the  screws,  H,  I,  K ; 
then  apply  the  level  upon  the  two  pivots  of  the  transit,  the  covers 
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of  the  boxes,  f  opening  with  lilnges  for  this  purpose,  and  the 
bottom  of  the  feet,  k,  /,  have  notches  to  rest  upon  the  pivots ; 
if  the  axis  does  not  prove  level,  one  of  the  Y's  must  be  elevated 
or  depressed,  by  a  screw  in  the  farther  pillar,  N,  until  the  level 
stands  horizontally,  and,  reversing  it  end  for  end,  proves  every . 
•thing  to  be  correct. 

Now  set  the  vernier,  D,  at  zero,  and  put  an  additional  objccf 
glass,  over  the  glass,  P,  of  the  telescope ;  and  in  this  state  the 
marks  near  A  A,  against  which  the  needle  reads,  can  be  seen 
through  it  when  directed  to  them  ;  this  proves  the  zero  of  the 
division  to  be  exactly  in  the  plane  of  the  telescope  motion  ;  a 
small  screw  near  Q  will  rectify  it,  if  necessary,  by  moving  tbc 
Y  a  small  quantity  in  the  box,  j;  the  transit  may  be  reversed  ia 
its  Y's  to  rectify  every  thing. 

The  telescope  is  now  to  be  adjusted  to  the  meridian  by  the 
transit  of  the  stars  in  the  usual  manner,  the  screws,  W,  X,  being 
used  to  turn  the  whole  instrument  round  when  requisite ;  but 
after  these  observations  have  been  once  made  in  a  satisfactory 
manner,  distant  marks  should  be  set  up,  both  north  and  south, 
and  these  will  give  the  means  of  adjusting  it  at  once,  and  in  the 
day  time. 

When  the  instrument  is  properly  placed,  the  taking  of  the 
observation  is  extremely  simple.  The  needle  being  suffered  to 
settle,  the  box  is  turned  about  on  its  centre  till  the  mark  comes 
very  near  the  point  of  the  needle ;  the  clamp  screw,  L,  is  then 
fastened,  and  the  screw,  kj  is  employed  to  make  the  coincidence 
exact,  in  which  the  microscope,  M,  greatly  assists  the  eye.  The 
vernier,  D,  now  shows  the  angle  of  variation.  It  is  proper, 
after  the  needle  has  been  once  observed,  to  attract  it  with  a 
piece  of  iron,  and  cause  it  to  make  k  slight  vibration.  When  it 
settles  again,  it  will  not  in  all  cases  come  to  the  same  point, 
because  of  the  friction  of  the  suspending  point ;  it  is  therefore 
advisable  to  make  this  trial  three  or  four  times,  and  take  the 
mean  of  the  whole. 

The  instrument  is  placed  on  a  pillar,  in  the  open  air,  firee 
from  any  iron,  and  is  adjusted  before  every  observation;  the 
vernier  is  divided  to  half  minutes,  and  if  the  meridian  be  not 
at  a  considerable  distance,  an  advantage  will  be  gained  by  dimi- 
nishing the  aperture  of  the  object-glass  by  a  pasteboard  cap.  I 
have  found  tiie  needles  should  not  exceed  the  weight  mentioned, 
65^^  grains.  -. 

It  may  be  worth  while  to  remark,  that  this  instrument  will 
serve  as  a  portable  transit  instrument  for  naval  officers  to  examine 
the  rate  of  their  chronometers  while  on  shor^. 
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Article  IV. 

On  an  easy  Method  of  prQcuring  a  very  intense  Heat.    By 
A.  Marcet,  M .D.  F.R.S.  Physician  to  Guy's  Hospital. 

(To  Dr.  Thomson.) 

DEAR  SIR,  RusseUsqnare^  July  8,  1813. 

Amongst  the  various  itapfbvements  which  have  assisted  the, 
progress  of  natural  science  within  the  last  twenty  years,  thaj-  of 
carrying  on  experimental  researches  upon  very  small  quantities 
of  matter,   ought,   perhaps,   to  occupy  the  first  place.     The 
advantages  which  often  result  from  a  minute  scale  of  operations 
are  too  obvious  to  require  any  comment ;  and  indeed  the  philo- 
idpbical  records  of  this  Country  have,  of  late  years,  afforded 
innumerable  instances  of  the  utility  of  this  mode  of  investigation^ 
You  may,  perhaps,  think  it  worth  while  to  point  out  to  the 
readers  of  your  valuable  Journal  an  easy  and  convenient  method, 
which  occurred  to  me  about  a  year  ago^  for  producing,  upon  a 
small  scale,  a  diegree  of  heat  which  has,  I  believe,  never  been 
exceeded  in  intensity,  unless  it  be  by  the  magnificent  voltaic 
battery  lately  exhibited  by  Mr.  Children.  The  process  in  question 
simply  consists  in  urging  the  flame  of  a  lamp  of  spirit  of  wine 
by  a  current  of  oxygen  gas.     The  apparatus  most  convenrent 
for  this  purpose  is  a  tin  vessel,  or  gas  holder,  such  as  represented 
in  Plate  EX..  Fig.  2,  from  which  a  small  jet  of  oxygen  gas  is 
forced  out,  with  some  degree  of  violence,  by  the  introduction 
of  water,  through  a  funnel  of  one  or  two  feet  in  length.     If  a 
diamonq  be  exposed. to  the  flame  of  a  lamp,  thus  acted  \x\yon  by 
the  jet  of  gas,   it  burns,   and  disappears   in  a  few  minutes. 
Platina  wire  of   moderate  thickness  is  instantly  melted,  and 
globules  of  this  metal,  weighing  as  much  as  4  or  5  grains,  can. 
thus  be  obtained  in  quick  succession.^     During  this  process  of 
fiisioD5    a  scintillation  of  the  metal  is  observed,  as  if  it  was 
undergoing  combustion;  but  this  appears  to  be  owing  to  minute 
particles  of  melted  platina,  which  are  simply  dispersed  by  the 
intensity  of  the  heat.     Iron  wire  is  burnt  by  this  means  with  a 
degree  of  rapidity  and  brilliancy  which  even  exceeds  that  of 
Ingenhoiiz's  striking  mode  of  burning  iron  wire  in  oxygen  gas  ; 
and  small  needles  of  quartz  are  readily  melted  and  vitrified  by 
the  same  means. 

I  am  not  aware  of  this  mode  of  excitement  having  been 
employed  before.     Intense  degrees  of  heat  nad  long  been  pro- 

m 

«  It  was  from  globules  obtained  by  this  process,  tfiat  Dr.  WoUaston  suc- 
reeded  in  drawing  platina  wire  of  extreme  miniiteness,  as  stated  in  th6  papef 
which  b<  has  lately  given  to  the  Rvyal  Society  on  the  subject. 
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duced  from  the  combustion  of  hydrogen  gas  by  a  jet  of  oxygen  ; 
but  the  process  was  attended  with  some  inconvenience  and  diffi- 
culty, and  the  effects^  I  believe^  fell  short  of  those  just  described. 

I  remain^  dear  Sir,  yours,  &ic. 

Ajlbx.  Marcst. 


Article  V. 

Observations  on  Radiant  Heat.    By  F.  Dekroche,  M.D.* 

I  PROPOSE  in  this  memwr  to  state  several  propositions  which 
appear  to  me  capable  of  throwing  sonfe  light  on  the  theory  of 
Taaiant  heat ;  ana  which,  I  think,  I  have  established  by  decisive 
experiments.  These  experiments,  indeed,  were  made  widi 
sufficient  care  to  prevent  any  doubts  about  their  exactness ;  but 
I  ma/  be  deceived  in  the  conclusions  that  I  deduce  from  them. 
In  that  case  I  shall  readily  acknowledge  my  error ;  nor  shall  I 
think  that  I  have  lost  my  labour  if  I  draw,  upon  so  interesting  a 
subject,  the  attention  of  some  philosopher  more  fortunate  tham 
myself,  or  better  situated  for  ^camining  it  with  accuracy. 

First  Proposition. — Invisible  Radiant  Heat  may  in  seme 
Circumstances  pass  directly  through  Glass. 

Different  philosophers,  and  particularly  Mr.  Leslie,  coneeivi^ 
that  they  have  proved  the  felsehood  of  this  proposition;  but  the 
experiments  of  Professor  Prevost,  of  Geneva,  have  lately  esta^ 
blished  its  truth  in  an  incontestable  manner.  He  obtained  Ins. 
result  by  separating  the  immediate  efiects  of  transmitted  heat 
from  those  produced  by  the  heating  of  the  glass,  by  a  process 
equally  simple  and  ingenious ;  namely,  by  employing  moveable 
screens  of  glass,  which  he  renewed  continually,  and  of  course 
did  not  give  them  time  to  become  heated.  I  have  myself,  sinee 
I  becamie  acquainted  with  the  memoir  of  M.  Prevost,  made  a 
great  many  experiments,  which  appear  to  me  to  prove  the  same 
thing.  The  nature  <^  these  will  be  stated  in  support  <3(  the 
second  proposition. 

Second  Proposition. — The  Quantity  of  Radiant  Heat  which 
passes  directly  through  Glass  is  so  much  greater  relative  to  the 
whole  Heat  emitted  in  the  same  Direction,  as  the  Temperature  of 
the  Source  of  Heat  is  more  elevated. 

M.  Delaroche  shows,  in  the  first  place,  by  some  ingenious 
experiments,  that  a  thermometer   (of  the  temperature  of  the 
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surrounding  atmosphere)  exposed  to  the  action  of  radiant  heat 
rises  in  a  given  time^  ceteris  paribus^  a  quantity  proportional  (• 
the  rays  which  it  receives.  If  a  certain  number  of  rays  make  it 
rise  1  degree,  double  the  number  will  make  it  rise  2  degrees, 
triple  the  number  3  degrees,  and  so  on.  Thb  being  established, 
be  placed  two  parabolic  metallic  mirrors  ajt  f  he  distance  of  rather 
more  than  three  feet  from  each  other.  In  the  focus  of  one  mirror, 
fae  placed  a  thermometer;  and  in  the  focus  of  the  other  a  hot 
booy,  gradually  increasing  in  temperature.  The  thermometer 
was  allowed  to  rise  to  its  maximum  without  any  screen.  Then 
a  screen  of  transparent  glass  was  interposed,  and  the  experiment 
repeated.  Lastly,  a  screen  of  blackened  glass  was  interposed, 
and  the  experiment  repeated  a  third  tim^«  Bv  the  blackened 
screen  all  the  radiant  heat  would  be  intercepted,  and  the  effect 
en  the  thermometer  would  be  owing  to  the  rise  in  the  tempera- 
ture of  the  screen.  Hence  the  rise  of  the  thermometer  when 
the  blackened  screen  was  used,  subtracted  from  the  same  rise 
when  the  transparent  screen  was  used,  leaves  the  effect  produced 
by  the  radiant  heat  passing  through  the  glass.  The  following  . 
table  shows  the  ratio  between  the  rays  passing  through  the  clear 
glass,  and  the  rays  acting  on  the  thermometer,  when  no  screen 
was  interposed,  at  different  temperatures : — 

Temperatnre  of  the  Bays  transmitted 

^.    Hot  Body  in  the  through  the  Total  RayF. 

Focns.  Glass    Screen. 

357° 10 ..263 

655  - 10 139 

800    10 75 

1760    10 34 

jlrgand's  lamp  witliout  its  chimney ....  10 29 

Ditto,  with  glass  chimney    10 18 

Third  Proposition. — The  Calorific  Rays  which  have  already 
passed  through  a  Screen  of  Glass,  experience^  in  passing  through 
€  second  Glass  Screen  of  a  similar  nature^  a  muck  smaller  Dimi- 
nution of  their  Intensity  than  they  did  in  passing  through  the 
Jirst  Screen. 

This  proposition  was  proved  by  inteiposing,  first  one  glass 
screen,  and  then  two,  and  observing  the  difference  in  the  etiect. 
The  experiments  appear  conclusive. 

Fourth  Proposition. — The  rays  emitted  ly  a  hot  Body 
differ  from  each  other  in  their  faculty  to  pass  through  Glass. 

This  proposition  is  an  obvious  consequence  from  the  third, 
which  can  hardly  leave  a  doubt  that  the  calorific  rays  (like  those 
of  light)  are  of  different  kinds. 
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Fifth  Proposition. — A  thick  Glass,  though  as  muck  or 
more  permeable  to  Light  than  a  thin  Glass  of  luorse  Quality^ 
flllows  a  much  smaller  Quantity  of  Radiant  Heat  to  pass.  The 
Difference  is  so  mvjch  the  less  as  the  Temperature  of  the  radi-r 
fLting  Source  is  more  elevated. 

This  proposition  is  proved  by  experiments  made  with  glasses 
of  diflferept  thickness  employed  as  a  screen ;  and  its  truth  is 
sufficiently  established,  if  these  experiments  be  accurate.  This 
purious  fact,  that  radiating  heat  becomes  more  and  more  capable 
of  penetrating  glass,  as  the  temperature  increases,  till  at  a 
certain  temperature  the  rays  become  luminous,  leads  to  the 
notion  that  heat  is  nothing  else  than  a  modification  of  light,  or 
that  the  two  substances  are  capable  of  passing  into  each  other* 

Sixth  Proposition. — The  quantity  of  Heat  which  a  Ao# 
Body  yields  in  a  given  Time  by  Radiation  to  a  cold  Body 
situated  at  a  Distance^  increases^  cceteris  paribus^  in  a  greater 
Ratio  than  the  excess  of  Temperature  of  the  first  Body  above  the 
second. 

This  proposition  being  at  variance  with  the  opinion  of  Mr. 
Leslie,  iind  of  several  other  philosophers,  M.  Delaroche  thought 
it  necessary  to  establish  it  by  a  great  variety  of  experiments. 
These  experiments  leave  no  doubt  of  the  fact ;  though  they  are 
not  sufficient  to  enable  u^  to  deduce  the  rate  at  which  the 
increase  takes  pl^ce. 

I  must  acknowledge  that  this  proposition  appears  to  me  some- 
what puzzling.  One  is  at  first  sight  disposed  to  account  for  it  by 
the  Inaccuracy  of  the  thermometer  as  a  measure  of  heat ;  but 
M.  Dt  laroche,  aware  of  such  an  objection,  has  remarked,  that 
if  we  adopt  Mr.  Daltpn's  opinion  with  respect  to  the  thermo- 
meter, so  far  from  removing  the  apparent  anomaly,  it  would 
pnly  serve  to  make  it  greater. 


■^ 


^Article  VI. 

On  the  Instrument^  necessary  foi'  a  Travelling  Astronomer.    By 

Col.  Beaufoy. 

(To  Dr.  Thomson.) 

MY  DEAR  SIR,  Hackney  Wick,  June  17,  1813. 

The  following  instruments,  I  think,  a  travelling  astronomer^ 
or  naval  man,  should  take  with  him.  First :  a  good  Hadley  s 
jsextant,  of  six  inches  radius,  and  which  1  would  have  divided 
into  half  minutes,  and  not  nearer. 
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Secondly:  an  artificial  horizon  of  quicksilver,  with  a  glass 
roof  that  folds  up,  to  prevent  the  wind  disturbing  the  surface  of 
the  mercury,  when  the  observation  is  to  be  made :  tliere  should 
also  bie  a  floating  glass,  ground  truly  parallel,  to  p]ace  on  the 
surface  of  the  quicksilver  in  windy  weather^  or  in  those  places 
where  the  ground  is  liable  to  be  shaken  with  carriages. 

Thirdly  :  a  pocket  compass.  The  whole  of  these  instruments 
may  be  readily  packed  up  in  a  small  leathern  case,  furnished 
with  straps,  to  buckle  over  the  shoulders  similar  to  a  knapsack. 

The  next  instrument,  and  without  which  the  others  would  be 
comparatively  of  little  use,  is  a  chronometer :  a  silver  one  would 
be  the  cheapest^  the  pric^  being  about  forty  guineas;  and  I 
would  recommend  Mr.  Pennington,  of  Camberwell,  to  be  tl^ 
maker ;  and  it  is  better  to  give  the  order  at  least  twelve  months 
before  it  is  wanted,  as  chronometers  accelerate  when  first  made, 
and  sufficient  attention,  generally  speaking,  is  not  paid  to  the 
compensation  for  cold;  the  same  remark  is  frequently  applicable 
to  t^e  want  of  adjustment  when  the  chronometer  is  placed  in 
different  positions.  ' 

•  To  the  instruments  already  mentioned,  may  be  added  a 
telescope,  furnished  with  a  micronometer  for  observing  the 
eclipses  of  the  sun  and  moon,  occultations  of  the  stars  by  the 
jnoon^  and  the  eclipses  of  Jupiter's  satellites. 

1  am,  my  dear  Sir,  sincerely  yours, 

M.  Beaufoy. 


Artjcle   VII. 

On  Trdiuition  Rocks.    By  James  Grierson,  M.D. 

(To  Dr.  Thomson.) 

SIR, 

In  the  last  Number  of  your  Annals^  I  read,  with  much 
interest,  a  paper  entitled  ^*  Remarks  on  the  Transition  Rocks  of 
Werner,  by  Thomas  Allan,  Esq.  F.R  S.E.  In  this  paper, 
after  paying  some  well-merited  and  proper  compliments  to  the 
ingenuity  and  perseverance  of  Werner,  in  having  furnished  us 
with  "  means  by  which  rocks  may  be  described  with, some  degree 
of  accuracy,"  Mr.  Allan  observes,  that  "  we  cannot  extend  our 
unqualified  approbation  to  the  systematic  arravgernent  he  has 
introduced.'^  Werner,  he  says,  was  confined  within  certain 
limits  by  the  narrowness  of  his  fortune  and  the  circumstances  of 
liis  situation,  and  therefore  could  not  be  expected  to  form  a 
perfect  system,  and  has  drawn  '^  conclusions  that  are  more 
general  than  are  warranted  by  the  circumscribed  field  to  which 
be  was  confined/' 
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But  does  it  follow,  Sir,  that  because  Werner  has  never  per- 
sonally visited  every  quarter  of  the  globe,  and  seen  with  his  own 
eyes  every  rock  in  situ,  and  the  nature  of  its  composition,  he 
inay  not  from  what  he  has  seen  and  actually  did  visit,  as  well  as 
from  the  accounts  and  specimens  transmitted  to  him  by  others, 
have  discovered  by  his  genius  and  penetration  the  true  principle 
pf  arrangement  on  which  the  crust  of  the  earth  is  formed. 
Certainly  not.  As  well  might  Mr.  Allan  object  to  the  botanical: 
arrangement  of  Linnseus,  because  thousands  of  plants  have  been 
discovered  in  New  Holland,  and  elsewhere,  to  which  that  great 
naturalist  was  an  entire  stranger.  The  arrangement  of  Werner, 
then,  provided  the  phenomena  of  nature  be  found  conformable 
to  his  views,  is  not  to  be  rejected  merely  because  he  never  trav 
yelled  beyond  the  bounds  of  Germany. 

I  am  not  sure.  Sir,  whether  Dr.  Button  ever  saw  more  of  th^ 
crust  of  the  earth  than  Werner ;  and  certainly  he  never  saw  the 
central  parts  of  it,  about  which,  notwithstanding,  he  has  told 
us  so  many  wonderful  things.  If  Werner  generalized  too  libe- 
rally from  a  "  circumscribed  field,"  certainly  Pr.  Button  was 
pot  behind  him  here.  Bis  conclusions  are  of  a  far  more  exten-* 
sive  nature  than  those  of  Werner,  and  surely  drawn  from  pre- 
mises comparatively  much  less  extensive. 

It  is  observed,  too,  that  the  appearances  of  the  country  about 
Edinburgh  (the  residence  of  Dr.  Button)  are  greatly  more 
favourable  to  the  theory  adopted  by  that  philosopher  than  those 
pf  almost  any  other  part  of  the  world  that  has  been  hitherto 
explored.  If  Werner,  then,  formed  his  theory  from  the  appear- 
ances pf  the  country  around  Freyberg,  Dr.  Button  seems  no 
less  to  have  taken  his  from  those  aivmnd  Edinburgh. 

But  it  is  not  in  this  way  that  the  merits  or  demerits  of  either 
theory  are  to  be  estimated.  Which  of  the  two  is  most  usefiiU 
Which  of  them  teaches  us  best  to  distinguish  minerals  from  one 
another  ?  Which  of  them  is  best  confirmed  by  the  observations 
pf  succeeding  naturalists  ?     These  are  ihe  important  inquiries. 

With  the  wish  of  Mr.  A.  "  that  arrangements  of  this  nature 
were  less  dictated  by  theory,''  we  cordially  agree  ;  but  when  he 
talks  about  "  the  pupils  of  the  Wernerian  school  being  pecur 
liarly  fettered  by  an  ideal  necessity  of  supporting  the  principles 
of  their  master,"  and  their  "  totfilly  neglecting  that  minute 
detail  which  is  alone  capable  of  placing  the  student  in  a  situation 
to  draw  conclusions  of  his  own,"  we  are  tempted  to  exclaim 
with  the  poet,  Mutato  nomine,  de  te  f alula  narratur ;  for  if 
there  be  a  department  in  which  the  Wernerian  system  seems  to 
excel  all  others,  it  is,  1  think,  in  the  minuteness  with  which  its 
details  are  conducted,  and  the  happy  power  which  it  possesses  of 
discriminating  what  others  almost  always,  though  really  distinct^^ 
confound.    Mr.  Allan  himself  acknowledges  ^.419)  tlut  Df. 
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Hutton  .applied  the  term  alpine  schistus  in  such  a  way  as  '^  to 
leave  us  quite  uncertain  with  respect  to  the  species  of  rock  he 
meant.''  And  this  is  far  from  being  the  only  instance  that  might 
be  easily  adduced,  not  only  from  his  writings,  but  also  from  those 
of  moVe  recent  philosophers  of  the  same  school. 

Mr.  A.  justly  observes,  that  the  geognostic  system  of  Werner 
is  divided  into  three  great  classes,  the  primitive,  transition,  and 
floetz  rocks,— projx)ses  '^  to  notice  particularly  the  class  of  rocks* 
named  transition,"  and  to  show  "  that  they  are  of  an  older  date 
than  the  granite  which  maintains  the  first  place  in  point  of 
priority  in  the  system  of  Werner.'^  How  far  he  has  been  able 
to  sQCceed  in  making  out  this  last  position  will  presently  appear. 

After  telling  us  that  he  takes  his  ideas  of  the  Wernerian 
geognosy  from  the  third  volume  of  Professor  Jameson's  Mine* 
ralogy  (and  we  allow  that  he  cannot  take  them  from  a  better 
source,  it  being,  as  he  justly  states,  *^.the  most  authentic  ac- 
count we  have  of  the  system  taught  at  Freyberg; ")  after,  I  say, 
tellinff  us  this,  giving  us  the  definition  of  grey  wacke,  and  the 
other  rocks  constituting  the ' transition  class,  with  a  sketch  of 
their  geographic  distribution  in  the  island^  of  Great  Britain  and 
Ireland,  Mr.  Allan  proceeds  to  informs  us,   that  he  made  a 
tour  last  summer  through  Cornwall  and  Devonshire,  and  there 
found  that  the  Wernerian  geognosy  would  not  apply.      He 
knew,  he  says*  that  granite  abounded  in  the  Stannaries,  and 
that    tin  and  wolfram  occurred  in  it ;    and  as  these    metals 
(according  to  his  view)  never  do  occur  but  in  the  oldest  granite, 
therefore  the  granite  of  Cornwall  must  be  the  oldest.     Here, 
**  therefore,  he  expected  to  find  a  perfect  epitome  of  the  Wer- 
nerian system,  containing  the  usual  series  of  primitive  rocks, 
descendmg  from  granite  through  gneiss,  mica-slate,  and  clay- 
slate,  with  all  the  et  cceteras  of  serpentines,  traps,  and  porphy- 
ries; but  in  this  he  was  mistaken."     Certainly  he  was  mistaken, 
but  in  a  very  different  way  from  that  in  which  he  conceived 
himself  to  be.     Let  us  see  what  Professor  Jameson,  in  his  Ele- 
ments of  Geognosy  (the  work  which  Mr.  Allan  constantly  refers 
to),  says  with  respect  to  the  occurrence  of  tin  and  wolfram.     In 
treating  of  tin,  he  tells  us  that  it  occm^  in  very  old  veins  that 
traverse  granite,  gneiss,  mica-slate,  and  clay-slate ;  that  it  occurs 
disseminated  through  granite,  and  in  beds  that  alternate  with 
that  rock.     He  adds,  that  the  granitj  appears  to  belong  to  the 
newest  formation.     (El.  of  Geognosy,  p.  261.)     At  p.  309  of 
the  same  work,  in  the  tabular  view,  the  Professor  gives  us  again 
the  geognostic  situation  of  tin,  and  the  only  granite  mentioned. 
is  the  newest.     Of  wolfram,  he  says,  a*t  p.  261,  that  it  occurs 
in  veins  both  in  primitive  and  transition  mountains.    And  again, 
at  p.  311,  in  the  tabular  view,  wolfram  is  stated  as  occurring 
not  in  the  oldest,  Ijurpnly  in  the  newest  granite  formation. 
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\'V'hat  shall  we  think,  then,  of  Mr.  Allan's  accuracy,  when  he 
niainlains  that,  according  to  the  Wernerian  geognosy,  the  granite 
of  Cornwall  must  be  referred  to  the  first  or  oldest  formation, 
because  it  contains  tin  and  wolfram  ?  But  his  inaccuracies,  or 
inistatem<*nts,  do  not  stop  here.  He  gives  it  as  a  Wertierian 
pfiuciple  t]\at  primitive  rocks  contain  no  mechanical  deposites : 
yet  Professor  Jameson,  in  his  Elements,  (the  work,  as  I  said 
before,  constantly  referred  to  by  Mr.  Allan,)  pp.  101  and  551, 
informs  us  that  conglomerates  are  found  in  primitive  country. 
^Ir.  A.  asserts,  also,  that  floetz  rocks  never  occur  in  a  conform- 
able position  in  regard  to  transition  strata.  But  how  he  was 
enabled  to  ascertain  this  grand  point,  he  has  nowhere  conde- 
scended to  inform  us ;  and  yet  it  is  veiry  much  to  be  desired  that 
'  he  had,  for  wo  such  statement  appears  either  in  Professor  Jame^ 
son's  writings,  or  in  any  other  geognostic  work  with  which  I 
have  ever  met. 

Tlie. granite  of  Cornwall  is  said  to  have  the  same  characters  as 
the  iirst.or  oldest  granite  of  Werner;  but  it  would  appear  from 
Mr.  A.'s  description  of  the  Cornish  granite  that  it  contains ^>a^- 
me/iti.  Now  who  ever  heard  of  fragments  being  found  in  the 
first  granite  formation.  Professor  Jameson,  from  whose  work 
Mr.  Allan  assures  us  he  took  whatever  statements  he  has  made 
respecting  the  Wernerian  geognosy,  distinctly  mentions  that 
fraginenis  occur  only  in  the  newer  formation  of  granite,  that, 
namely,  which  borders  on  the  transition  rocks.  It  thus,  then, 
apj)ears  from  Mr.  Allan's  own  account,  that  the  granite  of  Corn- 
wall belongs  to  the  newest,  not  to  the  oldest  granite  formation ; 
and  that  therefore  this  granite  is  not,  as  he  asserts,  '•'  the  nucleus 
round  which  Werner  conceives  all  other  rocks. were  deposited.** 

Mr.  Allan  tells  us  that  granite  veins,  according  to  the  Wer- 
nerian geognosy,  occur  only  in  such  rocks  as  are  composed  of 
the  same  ingredients,  such  as  gneiss  and  mica-slate.  But  in 
none  of  the  books  on  Werner's  system,  in  as  far  at  least  as  I 
have  had  an  opportunity  of  cousulting  them,  does  any  such 
assertion  appear.  Besides,  it  is  to  be  observed  that  mica-slate  is 
not  composed  of  the  same  ingredients  with  granite  ;  and  Pro- 
fessor Jameson,  p.  107,  informs  us  that  granite  veins  traverse 
clay-slate.  Is  Mr.  A.  prepared  to  contend  that  this  rock  is 
composed  of  the  same  ingredients  whh  granite?  "  The  killas 
of  Cornwall,"  we  are  told,  "  belongs  to  the  transition  series  of 
Wcrp.er  ;  '*  and  this  seems  to  be  inferred  from  its  occurring  in  9, 
country  said  to  be  constructed  principally  of  transition  rocks. 
But  the  killas,  Mr.  A.  observes,  assumes  the  appearance  of 
gneiss  whenever  it  either  approaches,  or  is  in  immediate  contact 
with,  tlie  granite.  "  It  will  be  observed,'^  says  he,  "  by  the 
specimens  from  St.  Michael's  Mount,  that  tlie  killas  there 
assumes  the  appearance  of  fine-grained  gneiss."     1  believe  ujo^t 
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H^ineralogists  will  conclude  from  this  statement,  that  it  really  is 
fine-grained  gneiss  -,  and  that  Mr.  Allan's  conclusion,  that  the 
transition  rocks  are  here  connected  with  granite,  is  entirely 
unfounded  and  fallacious.  The  granite  is  probably  the  second 
conformable  formation  of  tliat  rock  as  discovered  by  Professor  • 
Jameson ;  and  I  have  little  doubt  that,  on  farther  examination, 
it  will  be  found  that  this  famous  discovery  of  the  metamorphosis 
of  grey-wacke  into  gneiss,  has  as  little  foundation  in  nature  as 
the  metamorphosis  of  Battus  into  a  touch-stone,  or  any  other  of 
the  fine  and  fanciful  changes  of  bodies  into  new  forms,  or  if  we 
translate  literally,  forms  into  new  bodies,  to  be  met  with  in  the 
writings  of  Ovid. 

Mr.  A.  infers  this  change,  or  passage  of  grey-wacke  into 
gneiss,  from  appearances  at  St.  Michael's  Mount,  and  at  the 
Lauran  in  Galloway.  He  tells  us  that  at  the  latter,  place  he  took 
the  killas  in  the  vicinity  of  the  granite  for  mica-slate,  "  although 
he  had  observed  no  line  of  separation  between  it  and  the  killas." 
Does  he  mean  that  the  "  alteration"  produced  on  grey-wacke, 
or  killas,  as  he  prefers  calling  it,  was  actually  observed  by  hint 
to  be  of  "  a  gradual  nature/'  and  "  imperceptible"  in  the 
neighbourhood  of  the  Lauran,  so  as  to  make  it  small-grained 
gneiss?  or  does  he  only  intend  to  say,  that  he  had  no  opportunity 
of  seeing  the  junction  of  these  two  rocks  ?  If  the  former  be 
Mr.  Allan's  meaning,  I  wish  very  much  he  had  mentioned  any 
particular  spot  where  such  gradual  alteration  is  to  be  seen  ;  for 
though  I  have  been  at  some  pains  to  discover  the  junction  of 
what  I  conceive  to  be  fine-grained  gneiss  with  the  grey-wacke  of 
that  district,  I  have  not  been  so  fortunate  as  to  meet  with  any 
place  where  the  rock  is  sufficiently  exposed  for  this  purpose. 
But  if  Mr.  A.  means  merely  to  affirm  that  this  was  the  case  with 
him  too,  and  that  he  had  no  opportunity  of  observing  the  junc- 
tion of  the  two  rocks  of  which  we  are  speaking,  then  certainly 
his  conclusion  is  such  as  no  mineralogist  can  admit,  and  of  a 
very  different  nature  from  what  might  have  been  expected.  That 
he  did  not  see  the  distinction,  can  never  be  a  good  reason  why  ' 
he  should  conclude  that  there  was  none. 

But  admitting,  Sir,  that  Mr.  A.  did  observe  a  seemingly 
gradual  transition  of  the  grey-wacke  into  gneiss,  is  this  a  proof 
that  these  two  rocks  are  one  and  the  same  rock  ?  As  well  might 
he  argue  that  the  colours  green  and  blue  in  the  prismatic  spec- 
trum are  the  same ;  because  the  alteration  of  the  green  to  the 
blue  is  of  a  gradual  nature,  and  imperceptible ;  or  as  well  might 
I  argue  that  gneiss  and  mica-slate  are  the  same,  because  they 
are  often  seen  at  their  junction  apparently  passing  into  one 
another. 

Much  stress  is  laid  on  the  miners  of  Cornwall  making  no 
distinction  between  grey-wacke  and  the  fine-grained  gneiss  ;  but 
including  both  under  the  general  name  of  killas.    But,  to  use 
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Mr.  Allan's  own  words,  "the  shades  of  distinction  chronicled 
by  the  mineralogist  cannot  be  expected  to  attract  the  attention  of 
the  miner/'  Mr.  Allan  would  surely  not  contend  that  grey- 
w^cke  and  greenstone  are  the  same  because  they  are  ofLen  con- 
founded by  the  vulgar  under  the  name  of  whinstone.  That  a 
writer,  who  is  at  such  pains  to  press  (and  justly)  on  geologists  the 
*^  necessity  of  minute  attention  "  and  "  accurate  examination/' 
as  "  the  only  solid  basis  of  philosophic  inquiry/*  should  thus, 
when  it  seems  to  suit  his  own  argument,  feel  so  much  disposed 
to  pay  attention  to  the  mere  appellations  of  the  vulgar,  is  surely 
rather  extraordinary. 


Qnid  non  morfalia  pectora  cogis, 


Theori^  sacra  fames! 

That  the  rock  which  lies  immediately  on  the  granite  of  the 
Lauran  is  of  a  very  different  composition  from  the  grey-wacke  in 
its  neighbourhood,  is,  I  think,  evident,  not  only  from  its  quali- 
ties as  they  appear  to  the  eye  in  hard  specimens ;  and  from  its 
superior  hardness  and  toughness  under  the  hammer,  as  Mr.  A* 
expresses  it;  but  ver}^  much  from  the  manner  in  which  it  under- 
goes decomposition  when  exposed  to  the  air.  Any  person  accus- 
tomed to  view  these  two  rocks  will  at  once  distinguish  in  the 
field  a  piece  of  the  fine-grained  gneiss  from  the  grey-wacke  rock 
with  which  it  is  accompanied.  The  grey-wacke  disintegrates 
sparingly,  and  always  nearly  uniformly  over  the  whole  surface 
exposed ;  whereas  the  fine-grained  gneiss  disintegrates  very 
much,  and  always  in  an  irregular  manner,  showing  deep  pits  and 
eminences,  or  ridges  and  furrowings  on  the  surface.  Ihis,  there 
can  be  little  doubt,  arises  from  the  felspar  contained  in  its  com- 
position, which  we  know  undergoes  decomposition  very  strikingly 
on  many  occasions. 

I  consider  myself  as  now  warranted,  from  what  I  have  said, 
to  draw  the  following  conclusions  directly  the  reverse  of  those 
deduced  bv  Mr,  Allan. 

*'  The  killas  of  Cornwall,"  that  is,  the  rock  which  lies  imn^e- 
diately  over  the  granite  of  that  country,  "  belongs  not  to  the 
transition  series  of  Werner.*' 

"  The  granite  of  Cornwall  is  not  possessed  of  every  character 
by  which  the  oldest  varieties  are  distinguished/' 

"  That  granite,  the  nucleus  round  wliich  Werner  conceives 
all  other  rocks  were  deposited,  is  .wt  proved  to  be  in  some  cases 
actually  of  a  later  date  than  the  transition  series." 

"  Hence  the  distinction  of  transition  rocks  is  720/  proved  to  b« 
grounded  on  false  conclusions." 

^•'  And,  finally,  Werner"  need  not  "  make  very  maferial 
alterations  in  his  present  system  "  in  order  *••  to  accommodate  it 
to  the  phenomena  so  commonly  presented  in  nature." 

Had  Mr.  A.'s  paper  been  written  in  a  less  assuming  tone,  I 
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certainly  should  have  perused  it  with  more  pleasure  than  I  have 
done.  It  is  painful  to  have  had  to  point  out  so  many  errors  and 
mistatements  in  an  essay  which  scarcely  contains  one  fact  not 
previously  known  to  mineralogists,  either  from  the  writings  of 
Hutton,  of  Playfair,  of  Jameson,  or  of  Berger.  When  the 
celebrated  Von  Buch,  in  1806,  discovered  granite  in  transitioii 
countnr,  he  did  not  immediately  infer  "  that  the  distinction  of 
transition  rocks  was  thereby  proved  to  be  grounded  on  false  con- 
clusions ; "  he  only  said,  that  he  had  been  enabled  by  this  obser- 
vation to  add  a  new  member  to  the  transition  series,  and  thereby 
increase  its  importance  in  the  eye  of  the  mineralogist.  This  was 
evincing  a  modesty  as  well  as  a  sagacity  in  the  great  naturalist, 
which  it  would  have  been  pleasing  to  see  displayed  more  conspi- 
cuously in  the  **  Remarks  on  Transition  Rocks." 

I  am,  Sir,  with  much  esteem  .and  respect. 

Your  most  obedient  servant, 
'  JaM£S  Gri£bson. 
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Observations  on  the  Daltonian  Theory  of  Definite  Proportions. 

By  Thomas  Thomson,  M.D.  F-R.S. 

(^Continued  from  p.  52.) 

Thoetgh  the  table  given  in  the  part  of  this  paper  already 
published  be  pretty  long,  it  contains  but  a  small  portion  of 
the  numerous  chemical  compounds  known,  and  analysed  with 
.tolerable  accuracy,  and  therefore  capable  of  being  referred 
to  the  doctrine  of  definite  proportions.  I  shall,  therefore,  in 
this  and  some  subsequent  Numbers,  continue  it,  as  far  as  the 
present  state  of  chemical  analysis  will  enable  us  to  go,  I  shall 
preserve  the  same  method  which  I  followed  in  the  first  part  of 
the  tabl^ ;  namely,  state  below,  in  the  form  of  notes,  the  docu- 
ments upon  which  the  numbers  adopted  in  the  table  are  founded. 

Sulphurets. 

Number  of  Weight  of  an 

atoms.  integrant  particle. 

1 10.  Sulphuret  of  gold  ....  1  g  H-  3  ^ 30-968  * 


*  Gold  cannot  be  united  directly  with  sulphur;  yet  both  from 
analogy  and  from  the  black  precipitate  which  falls  when  hydro- 
sulphuret  of  potash  is  dropt  into  solution  of  gold/  there  can  be 
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Number  of  Weight  of  an 

•  atoms.  integrant  particle. 

111.  Sulphuret  of  platinum  \  p   +   2  s 16-161  ^ 

112.  Sulphuret  of  silver 1^    +    is 14618^     . 

113.  Prosulphuret  of  mer-  ?  ^  ^  ^  i  5 . . . . .  .27-000  ^ 

cury S  * 

114.  Persulphuret  of  mer-"?  29-000  ' 

cury  or  cinnabar   ....  3 

1 15.  Sulphuret  of  copper  ..1  c    -f-  1  s 10-000  ^ 

116.  Magnetic  pyrites 1  i    -f-  2  5.\  . . .  .10-666  «   » 

little  doubt  that  a  sulphuret  of  that  metal  exists.  Now,  accord- 
ing to  the  experiments  of  Oberkampf,  this  sulphuret  is  composed 
of  100  gold  4-  24  39  sulphur.  Now  an  atom  of  gold  is  24*1)68^ 
and  100  :  24*39  ::  24*968  :  6-09.  Now  6-09  is  almost  exactly 
equal  to  3  atoms  of  sulphur. 

^  According  to  the  experimerite  of  Berzelius,  100  platinum 
combine  with  32*8  of  sulphur.  {Ldrhok  i  Kemien^  ii.  424.)  Now 
an  atom  of  platinum  weighs  12-161;  and  100  :'32-8  ::  12-1151 
:  3-989  ;  but  3-989  is  very  nearly  equal  to  the  weight  of  2  atoms 
of  sulphur. 

*^  According  to  Berzelius,  100  silver  combine  with  14*9  sul- 
phur. Now  100  :  14-9  ::  12-618  :  1*88 ;  but  1-88  is  not  much 
less  than  the  weight  of  an  atom  of  sulphur;  all  other  analysts 
make  the  weight  exceed  14*9  a  little. 

**  When  the  salts  of  mercury  containing  the  black  oxide  are 
dissolved  in  water,  and  a  current  of  sulphureted  hydrogen  passed 
through  the  solution,  a  black  powder  precipitates,  composed, 
according  to  Sefstrbm's  analysis,  of  100  mercury  +  8-005  sul- 
phur. {Larlok  i  Kemieny  ii.  350.)  Now  100  :  8-005  ::  25  : 
2*001 ;  but  2-001  is  almost  exactly  equal  in  weight  to  an  atom  of 
sulphur. 

^  Cinnabar,  according  to  Sefstrom's  analysis,  is  composed  of 
100  mercury  +  16-01  sulphur.  Now  100  :  1601  ::  25  :  4-C025 
but  4-002  is  almost  exactly  equal  in  weight  to  2  atoms  of  sulphur. 
{Larlok  i  Kemieriy  ii.  348.) 

^  From  the  most  exact  experiments  hitherto  made,  it  appears 
that  100  copper  combine  with  26  sulphur.  Now  100  :  26  :: 
8  :  2-08;  but  2  08  differs  but  little  from  the  weight  of  an  atom 
of  sulphur. 

s  According  to  the  analysis  of  Proust  and  Hatchett,  magnetic 
pyrites  is  composed  of  100  iron  -f  60  metal.  Now  100  : 
60  ::  6-666  :  3-.9996  ;  but  3  9996  is  almost  exactly  the  weight 
of  2  atoms  of  sulphur.  Berzelius  found  it  composed  cf  ICO 
iron  -h  58*75  sulphur.  This  gives  3-916  for  the  sulphur,  still 
very  near  the  weight  of  2  atoms. 
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Number  of  Weight  of  a« 

atoms.  integrant  particle. 

117..  Cubic  pyrites 1  i    -j-   4  5 14'666  ^ 

1 18.  Sulphuret  of  nickel  ...1  n  +1  s 5*623  * 

119.  Prosulphuret  of  tin    ..1  /    +    1  s 16-705  "^ 

120.  Persulphuret  of  tin7  ,    .     ,     ^  ^o  ^nr 

.^     11  >  I  t    4-  2  s 18*705 

or  mosaic  gold  , 3  ^.••...      4^^^ 

121.  Sulphuret  of  lead I  I  +2  s 29-974* 

122.  Persulphuret  of  lead  ..1/  +45 ,  .33-974  "» 

123.  Sulphuret  of  zinc 1  z  -f    1  ^ 6-315^ 

124.  Sulphuret  of  bismuth ..  1  i  +    1  s 1 0-994  *» 


^  From  Berzelius'  experiments  (Ann.  de  Cfiim,  Ixxyiii.  130), 
it  appears  that  the  quantity  of  sulphur  in  cubic  pyrites,  supposing 
the  iron  the  same,  is  just  double  what  exists  in  magnetic  pyrites. 
Hence  cubic  pyrites  must  be  a^compound  of  1  atom  iron  and  4 
atoms  sulphur. 

*  According  to  Proust,  100  nickel  combine  with  48  sulphur. 
Now  100 :  48  ::  3-623  :  1*739.  This,  considering  the  uncer- 
tainty Tespecting  the  weight  of  an  atom  of  nickel  itself,  is  not  a 
greater  'deviation  from  the  weight  of  an  atom  of  sulphur  than 
might  have  been  expected.  If  the  weight  of  an  atom  of  nickel 
given  in  my  table  be  correct,  then  100  nickel  ought  to  combine 
with  55*2  sulphur. 

^  From  the  experiments  of  Mr.  John  Davy  (Phil.  Trans. 
1812),  it  appears  that  the  common  sulphuret  of  tin  is  composed 
of  55  tin  -h  15  sulphur.  Now  55  :  15  ::  14*705  :  4-015  ;  but 
4*015  is  almost  exactly  the  weight  of  2  atoms  of  sulphur.  From 
Mr.  John  Davy's  experiments,  it  appears  that  mosaic  gold  con- 
tains just  double  the  sulphur  in  common  sulphuret. 

*  From  the  analysis  of  Berzelius,  we  learn  that  galena  is 
composed  of  100  lead  +  15*42  sulphur.  {Larlok  i  KemicUy  ii. 
276.)  Now  100  :  15-42  ::  25-974  :  4-005  ;  but4005is  almost 
exactly  the  weight  of  2  atoms  of  sulphur.  The  analysis  of  Mr. 
John  Davy  differs  very  little  from  that  of  Berzelius, 

°*  Some  years  ago  I  received  a  specimen  of  galena  from  Sir 
John  Sinclair,  which  contained  twice  the  usual  quantity  of  sul- 
phur.    Hence  it  is  obvious  that  a  persulphuret  of  lead  exists. 

"  From  the  experiments  of  Gueniveau  and  Kidd,  it  appears 
that  blende  consists  of  100  zinc  +  49  sulphur.  Now  100  :  49 
::  4-315  :  2*114  5  but  2*114  does  not  differ  much  from  the 
weight  of  an  atom  of  sulphur.  As  sulphuret  of  zinc  has  not 
yet  been  made  artificially,  and  as  blende  contains  iron,  we  can- 
not expect  our  analysis  to  come  nearer  the  truth. 

"  According  to  Mr.  John  Davy,  67*5  bismuth  unite  with 
13/©8  of  sulphur.     Now  67-5  :;  15*08  ::  8-994  :  2*009.     But 
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Number  of  *  Weight  of  an 

atoms.  integrant  particle. 

125.  Sulphuret  of  antimony  1  a   4-   2  s 15-111  p 

126.  Sulphuret  of  tellurium  1   ^    +25 8-107  ^^ 

127.  Sulphuret  of  arseaic7^  a  +   \  s 8-000^ 

or  realgar 3 

128.  Orpiment 1  a   +   2  s 10-000 

129.  Sulphuret  of  cobalt   ..lc-|-l^? 9-326?» 

130.  Sulphuretof  manganese  I  m  +    Is 9-130  ^ 


2*009  is  almost  exactly  the  weight  of  an  atom  of  sulphur.  Ac- 
cording to  Lagerhjelm,  100  bismuth  combine  with  2252  sul- 
phur. Now  100  :  22-52  ::  8994  :  2030.  This  comes  also 
very  near  the  weight  of  an  atom  of  sulphur. 

p  According  to  Berzelius,  sulphuret  of  antimony  is  composed  • 
of  100  antimony  +  37  sulphur,  {Ldrbok  i  Kemien,  iu  162.) 
Now  100  :  37  ::  IMll  :  4-111.  According  to  Mr.  John  Davy^ 
42-5  antimony  combine  with  14-86  sulphur.  Now  42*5  :  14-86 
::  11-111  :  3*885.  The  mean  of  the  two  numbers  4111  and 
3-885  is  3*998^  which  is  almost  exactly  the  weight  of  2  atoms 
of  sulphur. 

^  According  to  Davy,  tellurium  by  fusion  combines  with 
nearly  its  own  weight  of  sulphur.  Now  as  an  atom  of  tellurium 
weighs  4-107,  it  is  clear  that  the  sulphuret  must  contain*  2  atoms 
of  sulphur.  *  '     ' 

'  I  do  not  know  in  what  manner  Thenard  ascertained  the 
composition  of  the  sulphuret  of  arsenic ;  but  he  informs  us  that 
realgar  is  a  compound  of  3  arsenic  +  1  sulphur.  Now  3:1:: 
G  :  2.  Hence  it  must  be  a  compound  of  1  atom  arsenic  and  I 
atom  sulphur.  Orpiment,  he  says,  is  composed  of  4  arsenic  -f- 
3  sulphur.  Now  4  :  3  ::  6  :  4-5.  This  does  not  differ  very 
much  from  the  weight  of  2  atoms  of  sulphur.  Hence  the  pro- 
portions given  in  the  table.  (See  Ann.  de  Chim.  lix.  284*) 
Laugier  has  lately  endeavoured  to  prove  that  there  is  only  one 
sulphuret  of  arsenic,  composed  of  42  sulphur  and  58  arsenic 
(Ann.  de  Chim.  Ixxxv.  26.)  If  he  be  correct,  it  is  a  compound 
of  1  atom  arsenic  with  2  atoms  sulphur. 

•  We  know  but  imperfectly  the  composition  of  sulphuret  of 
cobalt.  Proust  says  that  lOO  parts  of  cobalt  absorb  40  of  sul- 
phur, {/inn,  de  Chim.  Ix.  272.)  But  he  puts  little  confidence 
in  the  result  of  his  own  experiment.  Now  100  :  40  ::  7*^.26  : 
29304.  As  2-9304  approaches  nearest  to  1  atom  of  sulphiu",  I 
have  supposed  the  sulphuret  a  compound  of  1  atom  cobalt  and  I 
atom  sulphur ;  but  the  estimate  is  entitled  to  little  confidence. 

*  We  have  no  good  data  for  determining  the  composition  of 
sulpRuret  of  manganese.      Vauquelin  made  a  combination  of 
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Number  of  Weight  of  an 

atoms.  integrant  particle^ 

'^'denl''"^'^°^."!°'!'!':^  "»+  ^^ »-982- 

132.  Sulphuret  of  potassium  1  p   4-  1  5 ..... .  ^-OOO  * 

133.  Sulphuret  of  potash   ..I  p   +  1  s B'OOO  y 

134.  Sulphuret  of.  sodium  .  .1  ^    +  2s. . . . . .  ,9*882,* 

We  have  not  the  requisite  data  for  determining  the  composi- 
tion of  the  other  sulphurets. 

A  slight  inspection  of  the  preceding  table  is  sufficient  to  cott-' 
vhice  any  person  that  a  very  considerable  number  of  sulphurets 
remain  still  unknown.  Out  oi  25  sulphurets  enumerated,  12 
are  compounds  of  1  atom  metal  and  1  atona  sulphur,  10  of  1 
atom  metal  and  2  atoms  sulphur,  1  of  1  atom  metal  and  S  atoms 
sulphur,  and  2  of  1  atom  metal  and  4  atoms  sulphur.  It  is  not 
unlikely  that  silver,  copper,  nickel,  zinc,  bismuth,  cobalt,  man"- 
ganese,  and  potassium,  may  combine  only  with  1  proportion  of 
solphur ;  but  gold  ought  to  cotnbine  with  3  proportions,  and 
form  3  sulphuretsj  platinum  should  form  2,  iron  4,  lead  4,  anti- 
mony 2,  tellurium  2,  and  molybdenum  2. 

I  shall  not  continue  the  table  any  farther  at  present;  but  con- 
clude this  paper  with  a  few  obvious  deductions  from  that  part  of 
the  table  which  has  been  already  published. 

1.  There  is  no  connection  between  the  specific  gravity  of 
bodies  and  the  weights  of  their  atoms. 

2.  .There  are  eight  atoms  of  simple  bodies  whose  weights  are 
denoted  by  whole  numbers  \  namely,  ^ 


74*5  manganese  and  25*5  sulphur  by  heat.  {Ann.  du  Mus; 
a  Hist.  Nat.  xvii.  16.)  Now  74*5  :  25-5  ::  7-130  :  2345.,  As 
2'S45  is  not  very  remote  from  the  weight  of  an  atom  of  sulphur^ 
I  have  sapposed  the  sulphuret  a  compound  of  1  atom  metal  +, 
1  atom  sulphur. 

'^  According  to  Bucholz,  sulphuret  of  molybdenum  is  com- 
posed of  60  molybdeniun  +  40  sulphur.  Now  60  :  40  ::  5 •882 
:  3-921  •  But  3-921  is  almost  equal  in  weight  to  2  atoms  of 
sulphur.  / 

*  Tliis  is  the  composition  of  sulphuret  of  potassium  according 
to  Sir  H.  Davy,  the  only  person  who  has  hitherto  analysed  tliis 
sulphuret. 

y  This  compound  has  never  been  accurately  analysed.  I  state 
its  composition  merely  from  analogy. 

*  According  to  Davy, 

Vol.  IL  N°  II.  H 


114  On  the  Dalloniah  Theory  of  [Ac^f 

1.  Oxygen 1 

2.  Sulphur ^ . .  2 

8.  Potassium 5 

4.  Arseuic •  •  6 

5.  Copper   , , 8 

B.  Tungsten    8 

7.  Uranium .12 

8.  Mercury 25 

3.  An  atom  of  phosphorus  is  ten  times  as  heavy  as  an  atolA 
of  hydrogen.  None  of  the  other  atoms  appear  to  he  multiples 
of  0*132;  so  that  if  we  pitch  upon  hydrogen  for  our  unit,  the 
weight  of  all  the  atoms  will  be  fractional  quantities,  except  that 
of  phosphorus  alone. 

4.  It  is  quite  clear  that  neither  hydrogen  nor  azote  contain 
any  oxygen  j  for  as  the  weight  of  an  atom  of  each  of  these 
bodies  is  less  than  the  weight u>£  an  atom  of.  oxygen,  it  is  im- 
possible that  oxygen  can  enter  into  their  composition.  Hence 
thie  whole  doctrine  respecting  ammonium,  and  the  supposition 
that  hydrogen  and  azote  are  oxides  of  ammonium — a  supposition 
countenanced  at  first  by  Davy,  and  still  supported  by  Berzelius, 
must  be  erroneous.  For  the  same  reason,  Berzelius'  nofion  that 
azote  is  a  compound  of  oxygen  and  an  unknown  combustible  gas, 
cannot  be  admitted. 

5.  The  weight  of  an  atom  of  the  metals  being  high,  when 
compared  with  that  of  oxygen,  or  the  simple  combustibles,  they 
may  be,  and  probably  are  compounds;  though,  from  their  peculiar 
properties,  they  may  long  elude  all  our  methods  of  decomposi** 
tion.  Their  conducting  power  is  too  perfect  to  enable  us  to  hope 
for  any  decomposition  from  the  action  of  the  galvanic  battery, 
however  powerful, 

6.  We  have  it  now  in  our  power  to  compare  the  law  laid  down 
by  Berzelius;  namely,  that  the  weight  of  the  sulphur  in  a 
metallic  sulphuret  is  double  that  of  the  oxygen  in  the  oxide  of 
the  same  metaU  with  the  truth.  We  shall  find  it  to  hold  in  all 
the  sulphurets  hitherto  examined,  except  those  of  nickel,  cobalt, 
and  tellurium.  The  following  table  exhibits  the  particular  oxides 
and  sulphurets  that  have  this  relation  to  each  other. 

Oxides.  Corresponding  Sulphurets. 

Peroxide  of  gold Sulphuret  of  gold. 

Peroxide  of  platinum  ....... .Sulphuret  of  platinum* 

Oxide  of  silver Sulphiwet  of  silver. 

Protoxide  of  mercury .Prosulphuret  of  mercury. 

Peroxide  of  mercury , ,  .Persulphuret  of  mercury^     , 

Pratoxide  of  copper , , , ,  .Sulphuret  of  copper.    ^ 
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Oxidef.  Corresponding  Salphurets; 

Deutoxide  of  iron Magnetic  pyrites. 

Deutoxide  of  tin Mosaic  gold. 

Deutoxide  of  lead  . . . ; Common  galena. 

Pel  oxide  of  lead Persulplhuret  of  lead. 

Oxide  of  zinc .Sulphuret  of  zinc. 

Oxide  of  bismuth Sulphuret  of  bismuth. 

Deutoxide  of  antimony    Sulphuret  of  antimony. 

Deutoxide  of  arsenic  • Orpiment. 

Protoxide  of  manganese    Sulphuret  of  manganese. 

Peutoxide  of  molybdenum  . .  .  .Sulphuret  of  molybdenum  a 

Potash Sulphuret  of  potassium. 

Soda Sulphuret  of  sodium. 

{To  bt  cdtitinued,) 

Hi'  I'       '      I  ' 
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Renictrks  OTf.  the  Measurement  of  Minute  Particles^  especially 
those  of  the  Blood  and  of  Pus.  From  Dr.  Young's  Medical 
Literature,  8va.  Lond.  1813,  p.  545. 

I.  On  the  Form  and  Magnitude  of  the  Particles  of  the  Blood. 

Thb  form  and  magnitude  of  the  coloured  particles  of  the 
blood  is  a  subject  not  only  interesting  and  important  in  itself,  but 
is  also  capable  of  assisting,  by  means  of  comparative  observa- 
tions, in  the  determination  of  the  magnitude  of  the  capillary 
arteries,  and  the  investigation  of  the  resistance  which  they  ex- 
hibit ;  it  may  also  be  of  advantage  to  obtain  som^  tests  capable 
of  ascertaining,  whether  these  particles  undergo  any  change  ia 
diseases  of  various  kinds,  and  what  is  their  relation  to  the  glo- 
bules of  pus,  and  of  other  animal  fluids  :  hitherto  the  measures 
of  the  particles  of  blood,  which  have  been  considered  by  various 
authors  as  the  most  accurate,  have  differed  no  less  than  in  the 
ratio  of  2  to  5 ;  and  there  is  an  equal  degree  of  uncertainty 
respecting  their  form,  some  admitting  the  truth  of  Mr.  Hewson's 
opinions,  and  a  greater  number  rejecting  them  without  any  satis- 
factory evidence.  In  such  examinations,  it  is  only  necessary  to 
employ  a  full  and  unlimited  light,  in  order  to  obtain  a  very  dis- 
tinct outline  of  what  appears  manifestly  to  be  a  very  simple 
substance,  and  we  thus  seem  to  have  the  clear  evidence  of  the 
^«nses  against  Mr.  Hewson :  but  we  must  remember,  that  where 
the  substances  to  be  examined  are  perfectly  transparent*,  it  is 
only  in  a  confined  and  diversified  light  that  we  can  gain  a  cor<- 
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Ted  idea  of  their  structure.  The  eye  is  best  prepared  for  the 
investigation,  by  beginning  with  the  blood  of  a  skate,  of  which 
the  particles  are  so  conspicuous,  and  of  so  unequivocal  a  form, 
as  to  set  aside  at  once  the  idea  of  a  simple  homogeneous  sub- 
stance. They  are  oval  and  depressed,  like  an  almond,  but  less 
pointed,  and  a  little  flatter :  each  of  them  contains  a  round  nu- 
cleus, which  is  wholly  independent  in  its  appearance  of  the 
figure  of  the  whole  disc,  being  sometimes  a  little  irregular  in  its 
form;  seldom  deviating  from  its  central  situation,  but  often 
remaining  distinctly  visible  while  the  oval  part  is  scarcely  per- 
ceptible; and  as  the  portion  of  blood  dries  away,  becoming 
evidently  prominent  above  the  thinner  portion.  This  nucleus  is 
about  the  size  of  a  whole  particle  of  the  human  blood,  the  whole 
oval  being  about  twice  as  wide,  and  not  quite  three  times  as 
long;  the  nucleus  is  very  transparent,  and  forms  a  distinct 
image  of  any  large  object  which  intercepts  a  part  of  the  light 
by  which  it  is  seen,  but  exhibits  no  inequalities  of  light  and 
shade,  that  could  lead  to  any  mistake  respecting  its  form.  But 
if  we  place  some  particles  of  human  blood  under  similar  circum- 
stances, near  the  confine  of  light  and  shade,  although  they  are 
little,  if  at  all,  less  transparent,  we  immediately  see  an  annular 
shade  on  the  disc,  which  is  most  marked  on  the  side  of  the  ccntrfe 
on  which  the  marginal  part  appears  the  brightest,  and  conse- 
quently indicates  a  depression  in  the  centre,  which  Delatorrc 
mistook  for  a  perforation.  It  is  most  observable  when  the  drep 
is  drying  away,  so  that  the  particles  rest  on  the  glass  :  and  when 
a  smaller  particle  is  viewed,  it  has  merely  a  dark  central  spot, 
without  any  ligiiter  central  space.  Nor  have  the  particles  ever 
appeared  to  me  "  as  flat  as  a  guinea,"  although  their  axis  is 
sometimes  not  more  than  one-third  or  one-fourth  of  their  greatest 
diameter ;  if  they  were  much  thinner  than  this,  their  diameter 
would  be  more  diminished  than  it  is  when  they  become  sphe- 
rical, by  the  effect  of  an  aqueous  fluid :  while  this  form  cor- 
responds to  a  diminution  to  about  f  of  the  wiginal  diameter. 
They  may  indeed  possibly  absorb  a  part  of  the  surrounding 
moisture  in  the  change :  but  they  do  not  seem  to  have  their 
dimensions  much  affected  by  the  fluid  in  which  they  are  sus- 
pended, since  they  may  easily  be  spread  thin  on  glass,  and  dried, 
without  much  change  of  their  magnitude,  at  least  in  the  direc- 
tion of  the  surface  to  which  they  adhere  :  and  they  remain  dis- 
tinct as  long  as  the  access  of  moist  air  is  completely  excluded. 
When  they  have  been  kept  for  some  time  in  water,  and  a  little 
solution  of  salt  is  added,  their  form  and  structure,  as  Mr. 
Hewson  has  observed,  are  more  easily  examined,  and  apj^ear  ta 
resemble  those  of  a  soft  substance  with  a  denser  nucleus,  not 
altogether  unlike  the  crystalline  lens  together  with  the  vitreous 
humour^  as  seen  from  behind :  but  with  respect  to  a  central 
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particle  detached  within  a  vesicle,  ^^  like  a  pea  in  a  bladder/*  I 
cannot  doubt  that  Mr.  Hewson  was  completely  mistaken.    I 
have  never  observed  a  prominence  in  the  outline  of  the  particles 
of  the  human  blood :  and  on  the  other  hand  I  am  not  perfectly 
confident  that  the  apparent  depression,  which  is  exhibited  in 
some  lights,  may  not  depend  on  some  internal  variation  of  the 
refractive  density  of  the  particle.  It  has  commonly  been  asserted, 
that  these  coloured  particles  are  readily  soluble  in  water ;  btft 
this  opinion  appears  to  be  completely  erroneous,  and  to  depend 
partly  on  their  passing  readily  through  filtering  paper,  a  circum- 
stance indeed  already  observed  by  Berzelius,  (Djurk.  ii.  p.  3,)  and 
partly  on  the  extraction  of  a  great  part  of  their  colouring  matter, 
together  with  which  they  lose  much  of  their  specific  gravity,  so 
that  instead  of  subsiding,  they  are  generally  suspended,  in  the 
fluid ;  their  presence  may,  however,  still  be  detected  by  a  careful 
examination,  and  they  seem  in  this  state  to  have  recovered  in 
some  measure  their  original  form,  which  they  had  lost  when  first 
immersed  in  the  water.     When  the  water  is  sufficiently  diluted, 
about  three-fourths  as  much  rectified  spirits  may  be  added  to  it 
without  destroying  the  appearance ;  but  after  a  few  months  it 
becomes  indistinct,  although  neither  in  this  case  nor  in  that  of 
complete  putrefaction  do  the  globules  appear  to  become  consti- 
tuent parts  of  a  homogeneous  fluid.     The  existence  of  solid 
particles,  in  fluids  which  at  first  sight  appear  transparent,  is  the 
most  easily  detected,  by  looking  through  them  at  a  small  lumi- 
nous object,  either  directly  or  by  reflection,  as,  for  example,  at 
the  image  of  a  candle  seen  at  the  edge  of  a  portioa  of  the  fluid, 
held  in  a  tea-spoon ;  in  this  case,  wherever  there  are  small  par- 
ticles in  suspension,  for  instance,  in  milk  diluted  with  water,  they 
will  produce  a   minutely  tremulous  or  sparkling  appearance, 
which  is  rendered  still  more  distinct  by  the  assistance  of  a  lens, 
and  which  depends  on  the  diversified  interception  of  the  li^ht, 
while  the  particles  are  carried  over  each  other  by  the  internal 
motion  of  the  fluid.  This  test  is  applicable  to  all  cases  of  minute 
particles  held  in  suspension  ;  where  however  the  greater  number 
of  the  particles  are  nearly  equal  in  dimensions,  the  luminous 
object  viewed  through    them   exhibits  a  much  more  striking 
appearance,  for  it  is  surrounded  by  rings  of  colours,  somewhat 
resembling  those  of  the  rainbow,  but  differently  arranged,  and 
often  beautifully  brilliant.     The  blood,  a  little  diluted^  always 
exhibits  them  in  great  perfection,  and  they  afford  a  very  accu- 
rate criterion  for  the  distinction  between  pus  and  mucus  :  mucus, 
containing  no  globules,  aflbrds  no  colouis,  while  those  which  are 
exhibited  by  pus  exactly  resemble  the  appearance  produced  by 
the  blood,    the  rings  being  usually  of  the  same  dimensions: 
whence  it  follows  that  the  globules  are  also  of  the  same  size,  for 
the  dimensions  of  l^e  ripgs  vary  With  those  of  the  particlei 
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which  produce  them  :  and  there  can  be  little  doubt,  from  this 
circumstance,  that  the  globules  found  in  pus  are  the  identical 
globules  of  the  blood,  although  probably  somewhat  altered  in 
the  process  of  suppuration.  A  minute  quantity  of  the  fluid  to 
be  examined  in  this  manner  may  be  put  between  two  small 
pieces  of  plate  glass,  and  if  we  hold  the  glass  close  to  the  eye,' 
and  look  through  it  at  a  distant  candle,  with  a  dark  object  behind 
it,  the  appearance',  if  the  globules  are  present,  will  be  so  con-^ 
spicuous  as  to  leave  no  doubt  respecting  their  existence. 

II.  Description  of  an  Eriometer. 

The  rings  of  colours,  which  are  here  employed  to  disc?)ver 
the  existence  of  a  number  of  equal  particles,  may  also  he  em- 
ployed for  measuring  the  comparative  and  the  real  dimensions  of 
these  particles,  or  erf  any  pulverised  or  fibrous  substances,  which 
are  sufficiently  uniform  in  their  diameters.     Immediately  about 
the  luminous  object,  we  see  a  light  arjpa,  terminating  in  a  reddish 
dark  margin,  then  a  ring  of  bluish  green,  and  without  it  a  ring 
of  red  :  and  the  alternations  of  green  and  red  are  often  repeated 
several  times,  w^here  the  particles  or  fibres  are  sufficiently  uni- 
form..   I  observed  some  years  ago  that*  these  rings  were  the 
larger  as  the  particles  or  fibres  affording  them  were  smaller,  hut 
that  they  were  always  of  the  same  magnhude  for  the  same  par- 
ticles.    It  is  therefore  only  necessary  to  measure  the  angular 
magnitude  of  these  rings,  or  of  any  one  of  them,  in  order  to 
identify  the  size  of  the  particles  which  aff()rd  them  ;  and  having 
once  tstablished  a  scale,  from   an  examination  of  a  sufficient 
number  of  substances  of  known  dimensions,  we  mav  thus  deter- 
mine  the  actual  magnitude  of  any  other  substances  which  exhibit 
the  colours.     The  limit  between  the  fifst  green  ring,  and  the 
red  which  surrounds  it,  affords  the  best  standard  of  comparison, 
and  its  angular  distance  may  be  identified,  by   projecting  the 
rings  on  a  dark  surface,  pierced  with  a  circle  of  very  minute 
holes,  which  is  made  to  coincide  with  the  limit,  by  properly  ad- 
justing the  distance  of  the  dark  substance,  and  then  this  distance, 
measured  in  semidiameteis  of  the  circle  of  points,  gives  the  cor- 
responding number  of  the  compaiative  scale.  Such  an  instrument 
I  have  called  an  Eriometer,  from  its  utility  in  measuring  the 
fibres  of  wool,  and  I  have  given  directions  for  making  it,  to  Mr. 
Fidler,  in  Foley-street.     The  luminous  point  is  afforded  by  a 
perforation  of  a  brass  plate,  which  is  surrounded  by  the  circle  of 
minute  holes ;  the  substance  to  be  examined  is  fixed  on  some 
wires,  which  are  carried  by  a  slider,  the  plate  being  held  before 
an  Argand  lamp,  or  before  two  or  three  candles  placed  in  a- line; 
the  slider  is  drawn  out  to  such  a  distance  as  to  exhibit  the 
required  coincidence,  and  the  index  then  shows  the  number 
Ifepresepting  the  magnitude  of  the  substance  examined.    The 
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instrument  may  be  rendered  more  portable,  though  somewhat 
less  accurate,  by  merely  making  the  perforations  in  a  blackened 
card,  furnished  with  a  graduated  piece  of  tape.  An  eye  not 
shortsighted  will  generally  require  the  assistance  of  a  lens,  when- 
the  instrument  is  made  of  the  most  convenient  dimensions^ 
which  I  have  found  to^be  such  as  to  have  two  circles  of  points,  one 
at  ^  and  the  other  -i-  of  an  inch  in  semidiameter,  with  their  cor* 
responding  scales.  The  central  perforations  are  about  -^  ^ndy^ 
of  an  inch  in  diameter;  the  points  8  or  10  only  in  each  circle, 
and  as  minute  as  possible.  The  light  of  the  sun  might  also  he 
employed,  by  fixing  the  circle  of  points  at  the  end  of  the  tube 
of  a  telescope  :  but  it  rather  adds  glare  than  distinctness  to  the 
colours  :  nor  have  I  been  able  to  gain  any  thing  by  looking 
through  coloured  glasses,  or  by  using  lights  of  different  quali* 
ties.  Where  the  object  consists  of  fibres  which  can  be  arranged 
in  parallel  directions,  a  fine  slit  in  the  plate  or  card  affords 
brighter  colours  than  a  simple  perforation,  and  the  points 
must  in  this  case  be  arranged  in  lines  parallel  to  tlie  slit ;  but  if 
care  is  not  taken  to  stretch  the  fibres  sufficiently,  the  employ- 
ment of  the  slit  in  this  manner  will  make  them  appear  coarser 
than  they  really  are.  The  colours  will  still  appear,  even  if  there 
be  a  considerable  difference  in  the  dimensions  of  the  fibres  or 
particles,  but  they  will  be  so  much  the  less  distinct  as  the  differ- 
ence is  greater.  In  this  case  the  measure  indicated  will  be 
intermediate  between  the  extreme  dimensions;  although  most 
commonly  it  will  be  seen  somewhat  below  the  true  mean,  the 
colours  exhibited  by  the  finer  fibres  prevailing  in  some  degree 
over  the  rest.  The  latitude,  however,  which  the  eriometer 
affords  in  the  regularity  of  the  substances  measured  by  it,  and 
its  collecting  into  one  result  the  effect  of  many  thousands  of 
particles,  or  of  an  endless'  variety  of  small  differences  in  the 
diameters  of  fibres,  give  it  an  unquestionable  preference  over 
every  kind  of  micrometer  which  measures  a  single  interval  only 
at  once,  with  respect  to  all  applications  to  agriculture  or  manu- 
factures ;  for  in  reality  there  is  not  a  single  fibre  of  wool  among 
the  millions  which  constitute  a  fleece,  that  preserves  an  uniform 
diameter  throughout  its  length,  and  the  difference  is  still  greater 
between  the  fibres  which  grow  on  different  parts  of  the  animal  y 
so  that  to  take  a  single  measurement,  or  even  any  practical 
number  of  measurements,  by  the  most  accurate  micrometer,  in 
the  usual  acceptation  of  the  term,  for  a  criterion  of  the  quality 
of  a  fleece,  can  tend  only  to  the  propagation  of  error  or  conjec- 
ture in  the  semblance  of  the  minutest  accuracy.  Even  with  the 
eriometer,  the  difficulty  of  obtaining  a  fair  average  of  the  qua- 
lity of  a  sample  of  wool  is  extremely  great ;  it  is  absolutely 
necessary  to  preserve  the  fibres  as  much  as  possible  in  their  natural 
relative  situation,  and  to  examine  them  near  the  middle  of  their 
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kDgth  y  the  ends  next  the  skio  9re  alioost  alwajf  oomiderab)^ 
finer,  and  the  outer  ends  generally  coarser,  tlian  the  rest ;  but 
this  difference  is  greater  in  some  kinds  of  sheep  than  in  others, 
and  as  &r  as  I  have  observed,  it  is  less  in  the  Merinos  and  their 
crosses  than  in  other  sheep :  there  is  also  far  less  diiSerence  in 
the  different  parts  of  the  same  fleece  in  these  breeds  than  in 
pthers ;  still  however  this  difference  is  very  observable,  although 
it  is  probable  that  some  part  of  the  sheep  might  be  found,  whieh 
in  all  cases  might  fairly  be  considered  as  affording  nearly  the 
average  of  the  whole  fleece ;  and  I  imagine  that  the  part  of  the 
back  about  the  loins  is  the  most  likely  to  be  possessed  of  thi» 
property ;  so  ihat  the  middie  of  the  fibres  of  this  part  of  the 
0eece  might  be  a^umed,  in  the  finer  kinds  of  wool^  as  aflbrdinfl 
^  fair  measure  for  the  whole* 

III.  Scale  of  the  Eriometer, 

The  theory,  which  suggested  to  me  the  construction  of  the 
eriometer  requires  some  corrections  in  its  immediate  applica^ 
tion^  which  depend  on  circumstances  not  completely  under- 
stood :  ^t  present,  therefore,  I  shall  only  employ,  for  the  deter- 
mination of  the  true  value  of  the  numbej"s  of  its  scale,  ari  expe- 
irimental  comparison  pf  its  indications  with  some  microscopical 
measurements,  which  Dr.  Wollaston  has  been  so  good  as  ta 
perform  for  me,  with  an  admirably  accurate  micrometer  of  hit 
pwn  invention. 

The  dust  or  seed  of  the  lycoperdon  bovista  he  finds  to  be  x^^ 
0f  an  inch  in  diameter :  this  substance  gives  very  distinctly  3*5 
on  the  scale  of  the  eriometer;  and  3'5  x  8500  ==  29750.  This 
globules  of  the  blood  measured  -7-9V0  ^  ^^^  immediately  af^r-* 
wards,  when  examined  in  the  same  state  by  the  eriometer,  indi- 
cated  about  6^;  and  6-5  X4900  =  31850.  A  wire  of  platind, 
obtained  by  a  very  ingenious  method,  peculiar  to  Dr.  Wollaston, 
jneasured  -j-^Vo"  9  ^^^  when  coiled  up,  gave  n.  9  of  the  eriometer; 
pnd  9  X  3200  =  28800.  The  mean  of  a  considerable  number  of 
comparative  observations  on  fibres  of  wool,  between  n.  20  anf| 
30,  afforded  also  28800  for  a  product. 

A  meap  of  these  experiments  gives  very  nearly  j^^|^g  for  tb* 
unit  of  the  scale  of  the  eriometer.  Some  former  investigations 
})ad  led  me  to  attribute  to  this  unit  a  value  somewhat  smalle)*, 
especially  for  the  lowest  numbers;  and  I  had  obtained  a  formula, 
and  made  a  table,  for  ascertaining  the  true  dimensions  of  any' 
suhstanci*  mea<sured  by  the  instrument,  according  to  the  result  of 
these  investigations :  l)ut  since  my  later  experiments  seem  to 
have  superseded  the  mode  of  calculation  which  1  had  adopted, 
1  think  it  unnecessary  to  insert  the  table. 

Having  sufficiently  ascertained  the  true  value  of  the  indica- 
t  iopia  of  tjne  eriometrica)  scale,  I  shall  now  enumerate  the  mea^ 
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IV.  Sulsiances  measured  by  the  Eriometefm 

M$lfr,  d{fetfed>  yery  indistinct,  about  .•....••.  .^  ,.•.,.;  .5 

Dust  of  \yeGperdcfQ'  bovistay  very  distinct  , 3^ 

Bullock's  blood,  from  beef , 4}. 

Stnut  of  barley,  callal  male  ear „ . .  .6|. 

Blood  of  a  inous<^    v 6^ 

Human  blood  diluted  with  water,  5;  after  standing  some 

•    days  6,  or , , ♦ , , ,.J 

Blood  recently  diluted  wijth  serum  only .• ,  ;d 

Slk,  very  irregular,  about. ;.•.... 12 

Beaver  wool,  very  even,  (jpinted)    • , 15 

Angola  wool,  about ^ .  ^. 14 

Vigonia  wool .' 15 

SilN^rian  hare's  wool>  Scotch  hare's  wool^  fbreiga'>  coney 

wool,  yellow  rabbit's  wool,  about •«..•.•..  .ISj- 

Mole's  fur,  about .Iy6 

Skate's  blood,  very  indistinct,  about 16 

American  rabbit's  wool,  British  coney  wool^  about 16^ 

Buffalo's  vpol la 

Wool  of  the  ovis  montana .18  , 

Finest  seal  wool,  mixed,  about IS4 

Sbawl  wool  Id,  or ^ 19 

Geat's  wool 1^ 

Cotton,  very  unequal,  about /.1$* 

Peruvian  wool,  mixed,  the  finest  locks 20 

A  small  lockof  Welsh  wool ; 20 

Saxon  wool,  a  few  fibres,  17?  &ome  23,  chiefly   •  •  • .^2 

An  Escurial  ram,  at  Lord  Somerville's  show,  23  to   ...  /.  .24- 

Mr.  Western's  South  Down,  some  specimens .24^ 

Lioneza  wool,  24  to  29,  generally ^ 25 

Paular  wool,  24  to  29,^  generally • .  .25^ 

Alpacca  wool,  about 26 

Farina  of  laurestinus , 26 

Kyeland  Merino  wool,  Mr.  Henty .27 

Merino  South  Down  wool,  Mr.  Henty    ; 28 

Seed  of  lycopodium,  beautifully  distinct .32 

South  Down  ewe,  Mr.  W.  B • 39 

Coarse  wool^  Sussex , 46 

Coarse  wool,  from  some  worsted  • 60 

It  would  not  be  difficult  to  obtain  from  these  measures  a 
tolerable  approximation  to  the  value  of  wool  at  its  usual  prices. 
If  we  9qu»e  the  nmnbcr,  and  subtract  325,  the  remainder  will 
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be  about  tbe  number  of  pounds  that  are  worth  100  guineas. 
Thus,  for  good  Lioneza,  n.  25,  25  x  25  —  325  =  300,  giving  7s. 
a  pound  ;  for  moderate  South  Down,  n.  35,  35  x  35  —  300  = 
900,  or  2s.  4d.  a  pound :  which  is  probably  about  the  proportional 
value,  though  both  the  proportional  and  the  real  values  must 
fluctuate  according  to  the  demand  of  the  manufacturer. 

{To  be^ continued.) 


Article  X. 

On  Sir  H,  Davy^s  Theory  of  Chhriney  and  its  Compounds,  By 
Mr.  William  Henderson,  Member  of  the  Royal  Medical 
Society  of  Edinburgh. 

{Continued  from  p»  13.) 

11.  Oxymuriatic  Gas,  by  its  Action  on  Metals  and  Inflammables, 
produces  Substances  differing  essentially  from  thq^  Oxydes'  of 
the  same  Bodies, 

Tbe  new  theory  was,  until  very  lately,  secure  from  assault  on 
this  quarter ;  for  except  two  passages  in  the  Philosophical 
Transactions,  nothing  definite  had  been  advanced  respecting  this 
point  by  its  supporters.     These  passages  I  insert ; — 

*'  Muriatic  acid  gas,  as  I  have  shown,  and  as  is  farther  proved 
by  the  researches  of  MM.  Gay-Lussac  and  Thenard,  is  a  com- 
pound of  a  body  unknown  in  a  separate  state,  and  water.  The 
water,  I  believe,  cannot  be  decompounded,  unless  a  new  com- 
bination is  formed ;  thus,  it  is  not  changed  by  charcoal  ignited 
in  the  gas  by  voltaic  electricity ;  but  it  is  decompounded  by  alt 
the  metals ;  and  in  these  cases  hydrogen  is  elicited,  in  a  manner 
i^milar  to  that  in  which  one  metal  is  precipitated  by  another,  the 
oxygen  being  found  in  the  new  compound."* 

"  In  some  experiments,  made  very  carefully  by  my  brotlier, 
Mr.  John  Davy,  on  the  decomposition  of  muriatic  acid  gas  by 
heated  tin  and  zinc,  hydrogen  equal  to  abbut  half  its  volume  gas 
disengaged,  and  metallic  muriates,  the  same  as  those  produced 
by  the  combustion  of  tin  and  zinc  in  oxymuriatic  gas,  resulted."  f 

These  two  authorities  are  in  very  positive  terms ;  and  if  they 
are  to  be  relied  on,  the  products  of  the  action  of  oxymuriatic 
gas  on  metals,  though  not  similar  to  those  which  result  from  the 
action  of  oxygen  on  the  same  bodies,  are  precisely  what  they 
were  thought  to  be,  viz.  compounds  of  the  metals  and  oxygen, 
with  which   the  muriatic  acid,   condensed  from  the  want  of 

t  Phil.  Tnai.  IjBjq,  p,  ai.  f  JPMI.  Tr^a^.  1810,  p.  937^ 


I'fiflS  ]  Chtprine,  and  its  Compmmds^  US 

trater,  has  united  lofonii  muriates.  To  this  conclusimr  it  will 
of  course  be  objected,  that  these  passages  were  written  previous 
to  the  adoption  of  the  new  theory/  'Ihis  objection  will,  however, 
vanish,  on  considering,  that  it  is  not  to  tiie  opinions,  but  to  the 
facts  contained  in  tlie  passages  cited,  that  my  reasoning  faai 
leftTence. 

By  the  pubh'cation  of  Mr.  J.  Davy's  paper  on  the  combinations 
of  chit 'line  with  the  metals,*  1  am  enabled  to  bring  this  part  of 
the  discussion  more  completely  under  examination  than  could 
before  bi'  <[lone;  and  in  domg  this  I  shall  be  as  brief  as  the  nature  ' 
of  the  reaM>ning  t-mployed  will  allow. 

I'he  first  compound  noticed  in  this  paper  is  cuprane;  which 
is  formfd  "  by  exposing  slips  of  copper,  partially  immersed  ia 
munaric  acid,  to  the  atmosphere."  Mr.  J.  Davy  says  that  in 
thib  pn»ccs<  the  deliquesct^nt  muriate  is  formed — **  which  flow- 
iriij  inio  tl«e  muriatic  acid  is  changed  by  the  action  of  the  im- 
D)er>ed  cop]u  r  into  cuprane."  According  to  this  view,  cuprane 
cann^Jt  contain  more,  but  may  have  less  chlorine  than  <:an  be 
yielded  by  the  muriatic  acid  of  the  deliquescent  muriate  ;  yet 
the  analysis'given  ascribes  to  it  a  pr  portion  of  chlorine  exceeding 
by  12  18  per  cent,  what  it  can  contain  consistently  with  Che- 
Devix's  analysis  of  the  proto- muriate,  and  approaching  within  a 
minute  quantity  to  the  proportion  given  by  Proust,  f  as  belong- 
ing to  the  per-muriate. 

Again,  cuprane  is  stated  to  he  composed' of  64*  of  copper, 
and  56'  of  chlorine.  According  to  Chenevix,  the  proto- muriate 
contains  7P'25  of  protoxyde  (of  which  63  161  is  copper),  and 
24'75  of  muriatic  acid.  Now  it  is  worthy  of  notice,  that,  on 
the  principles  of  the  old  theory,  the  quantity  of  oxygen  con- 
tained in  the  protoxyde,  is  capable  of  forming  oxymuriatic  gas 
with  24*383  of  muriatic  acid;  so  that  the  only  difficulty  in 
rec*onciling  these  analyses  is  the  water  contained  in  the  proto- 
muriate,  which  Mr.  J.  Davy  seems  to  have  laid  to  the  account 
of  the  chlorine. 

From  the  analysis  of  cupranea  having  been  performed  on 
its  solution,  it  appears  that  Mr.  J.  Davy  in  fact  examined 
the  delfquescent  muriate,  into  which,  he  says,  that  it  is  con- 
verted by  the  action  of  water.  But  the  result  of  Mr,  J.  Davy's 
analysis  exceeds  in  the  proportion  of  the  chlorine  that  given  by 
Proust  by  26 '8 16  per  cent.  How  can  this  quantity  of  chlorine 
escape  from  its  combination  when  the  compound  is  dissolved  in 
water,  and  again  enter  into  unipn  with  the  copper  on  tlie  water 
being  separated.  Another  difficulty  also  lies  against  the  analysis 
of  cupranea.  Mr.  J.  Davy  says  that  it  is  composed  of  47  of 
copper  and  53  of  chlorine.     Mow  47  of  copper,  in  passing  ta 

«  PMl.  Trans.  1812,  p.  168.  i  Aim,  de  CH^Jush  tone  xzzii.  47, 
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tlie.st&te  of  peroxide,  unite  with  15*67  of  oxygen  j  which  quan- 
tity of  oxygen,  on  the  principles  of  the  old  theory,  can  convert 
55*93  of  muriatic  acid  into  oxymuriatic  gas ;  or  (which  is  the 
aame  thing),  on  the  basis  of  the  new  theory,  can  unite  with  the 
hydrogen  contained  in  that  quantity  of  muriatic  acid  gas.  But 
it  appears  by  Proust's  analysis,  that  62*67  of  peroxyde  of  copper 
cannot  combine  with,  or  act  on  more  than  .S7'B  of  muriatic 
acid. 

.  A  deficiency  of  previous  analyses,  in  which  1  could  confide, 
prevented  my  examining  in  detail  Mr.  J.  Davy's  account  of  the 
compounds  of  chlorine  with  tin,  iron,  manganese,  zinc,  arsenic, 
antimony,  and  bisniuth.  I  may,  however,  be  permitted  to  say 
a  few  words  respecting  the  compounds  of  iron.  It  is  stated  by 
Mr.  J.  Davy,  that  ferranea  has  more  chlorine  than  fcrrane,  and 
that  the  solutions  of  these  compounds  are  the  red  and  green 
muriates  of  iron  respectively.  Sir  H.  Davy*  states,  that  a 
solution  of  the  red  muriate  may  be  converted  into  the  green  by 
solphureted  hydrogen.  This  is  easily  explained,  if  we  suppose, 
according  to  the  old  theory,  that  the  iron  is  converted  into  a 
protoxide  by  the  sulphureted  hydrogen :  but  if  we  suppose  the 
iron  to  be  in  both  cases  in  the  metallic  state,  or,  in  other  words, 
exposed  to  a  substance,  with  which  it  cannot  unite  until  it  has 
assumed  that  state,  the  effect  of  the  sulphureted  hydrogen  seems 
by  no  means  easily  explained. 

Horn-lead  is  said  by  Mr.  J.  Davy  to  contain  74*22  of  lead, 
and  25*78  of  chlorine.  According  to  Kirwan's  analysis,  it  ha« 
76  of  leadjf  and  18*23  of  muriatic  acid;  which,  by  the  new 
theory,  can  yield  only  17*6  of  chlorine.  In  this  case,  the  pro- 
portion of  lead  seems  to  answer  very  well ;  but  that  of  chlorine 
28  over-rated,  by  8*18  per  cent. 

Again,  by  the  analysis  of  Kirwan,  horn-rlead  contains  5*77  of 
oxygen ;  which,  on  the  principles  of  the  old  theory,  are  suffi-  * 
cieat  to  form  25*64  of  oxymuriatic  gas,  by  union  with  muriatie 
acid.    Is  this  very  singular  coincidence,  with  the  others  before 
stated,  to  be  regarded  as  merely  accidental? 

III.   When  carefully  dried,   Oxymuriatic  Gas  is  incapalle  of 

acting  on  Charcoal. 

This  seems  accounted  for,  on  the  old  theory,  by  saying,  that 
the  oxymuriatic  gas,  if  it  acted  on  the  charcoal,  and  imparted 
its  oxygen  to  it,  must  give  rise  to  a  quantity  of  muriatic  acid ; 
but  that  this  acid  being  incapable  of  existing  in  an  insulated 
state,  and  there  being  no  water  present,  those  actions  by  which 
its  evolutions  would  be  caused  are  prevented.  In  this  way,  the 
whole  comes  to  be  merely  an  additional  instance  of  the  power  of 

•  Researclttt,  &c.  ]i«  182,  +  Thomson**  System,  &c.  iii.  p.  265. 
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that  modification  of  affinity  which  has  been  named  disposing  at 
resulting.  According  to  tlie  new  theory,  on  the  other  hand, 
this  want  of  action  admits  of  no  explanation  or  reference  to  smy 
general  class  of  phenomena  3  but  must  be  ranked  as  an  ultimate 
and  inexplicable  fact. 

In  some  instances,  as  in  that  of  hydrogen  and  nitFogen,  this 
nascent  state  favours  combination.  In  others,  as  corundum 
with  acids,  the  absence  of  cohesion  is  necessary.  In  a  third 
class,  as  nitrogen  and  oxygen,  a  previous  partial  union  efiects  a 
combination^  otlierwise  nearly  impracticable.  A  case  such  as 
the  present  requires  the  most  scrupulous  attention  to  all  these 
circumstances,  as  far  as  is  possible.  The  last  of  these  has  beea 
made  the  subject  of  experiment  by  Mr.  Murray,  *  and  by  Mr. 
J.  Davy,t  who,  though  he  first  asserted  that  dried  carbonic 
oxide  was  not  acted  on  by  oxymuriatic  gas,  states  in  a  subsequent 
paper,  J  that  they  combine  on  simple  exposure  to  day-light ;  and 
that  from  the  combination  there  results  a  peculiar  acid  gas, 
composed  of  chlorine  and  carbonic  oxide.  May  it  not  be  a  che- 
mical compound  of  muriatic  and  carbonic  acids  ? 

Mr.  Murray  tried  some  experiments,  with  a  very  ingenious 
arrangement,  of  oxymuriatic  gas,  carbonic  oxide,  and  ammo- 
niacal  gas.  The  public  are  already  in  possession  of  the  results  ; 
but  it  must  be  observed,  that  the  confidence  to  which  they  migh^ 
otherwise  appear  entitled,  seems  somewhat  lessened  by  the 
recent  discovery  of  an  explosive  compound,  apparently  of  oxy- 
muiiatic  gas  and  nitrogen.  § 

IV.  JVater  is  formed  in  almost  all  Cases  of  the  Evolution  ^ 

Oocymuriatic  Gas. 

The  principal  methods  of  obtaining  oxymuriatic  gas  may  be 
yanked  under  two  heads ;  viz.  1 .  Muriatic  acid  made  to  act  oa 
the  peroxide  of  manganese.  2.  Hyperoxy muriate  of  pojta^ 
exposed  to  the  action  of  strong  liquid  muriatic  acid. 

1.  Of  the  Action  of  Muriatic  Acid  on  the  Peroxide  of  Man^ 

ganese. 

The  common  rationale  given  of  this  action,  previous  to  the 
new  theory,  was,  that  the  peroxide  of  manganese  being  insoluble 
in  muriatic  acid,  while  the  protoxide  yields  readily  to  it,  the 
various  existing  attractions,  aided  by  heat,  suffice  to  disunite  the 
manganese  and  the  oxygen, '  which  is  instantly  seized  on  by  the 
muriatii  acid  to  form  oxymuriatic  gas.  According  to  Sir  H, 
Davy's  ideas  of  the  nature  of  chlorine,  we  must  have  recouise 

•  Nicholson's  Journal,  vol.  xxviii.  p.  IS^,  &c. 
+  Nicholson^  Journal,  vol.  xxviii.  p.  193,  &c. 
%  Nicho1son*s  Journal,  vol.  xxx.  p.  28. 
jl  See  Nicfaolson's  Journal,  vol.  zxJKiv.  pp.  160,  STO. 
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to  the  fttfractioDs  between  the  chlorine  and  the  manganese,  and 
between  the'  hydrogen  and  the  oxygen ;  which,  together  with 
the  disposition  of  the  chlorine  to  assume  the  elastic  form,  must 
be  conceived  sufficient  to  overcome  the  attractions  between  the 
manganese  and  the  oxygen,  and  between  the  chlorine  and  the 
hydrogen.  To  this  explanation,  however,'  besides  the  gratuitous 
assumption  that  chlorine  attracts  the  manganese  more  strongly 
than  oxygen  does,  it  is  absolutely  indispensable  that  hydrogen 
should  attract  oxygen  more  strongly  than  it  attracts  chlorine  : 
yet,, as  is  remarked  by  an  anonymous  correspondent  of  Mr. 
Nicholson,*  Sir  H.  Davy  afterwards  infers  that  the  attraction 
between  chlorine  and  hydrogen  is  the  more  powerful,  f 

2.  Of  the  Action  of  strong  liquid  Muriatic  Acid  on  Hyperojoy" 

muriate  of  Potash. 

It  may  be  well  to  take  a  brief  view  of  the  formation  of  this 
salt,  before  proceeding  to  consider  the  process  for  obtaining 
oxymuriatic  ga^  from  it. 

If  a  stream  of  oxymuriatic  gas  be  passed  through  a  solution  of 
potash,  it  undergoes  a  change ;  in  consequence  of  which  we  find 
in  the  liquid  the  two  salts  known  by  the  names  of  muriate  and 
byperoxymUriate  of  potash.  According  to  the  old  theory,  this 
change  consists  in  the  extrication  of  oxygen  from  part  of  the 
oxymuriatic  gas,  and  the  absorption  of  this  oxygen  by  the 
remaining  portion.  On  Sir  H.  Davy's  principles,  the  most 
direct  explanation  is,  that  part  of  the  chlorine  decomposes  a 
portion  of  the  water,  forming  muriatic  acid  by  union  with  its 
hydrogen,  while  the  rest  of  the  gas,  uniting  with  the  oxygen  of 
this  portion  of  water,  gives  rise  to  hyperoxymuriatic,  or,  as  it 
would  almost  require  to  be  called,  chloric  acid.  To  this  expla- 
nation it  were  needless  to  urge  any  objection,  as  Sir  H.  Davy 
does  not  give  it  his  sanction.  He  holds  the  salt  known  by  the 
name  of  hyperoxymuriate  of  potash  to  be  composed  of  a  gas, 
which  he  has  called  euchlorine,  united  to  peroxide  of  potassium. 
•  The  merits  of  this  opinion  I  shall  have  occasion  to  discuss  in  the 
sequel. 

Another  idea  has  been  started  with  regard  to  the  nature  of  this 
salt  by  Mr.  Crane,  J  who  holds  it  to  be  composed  of  chlorine, 
water,  and  the  unknown  base  of  the  alkali.  If,  however,  water 
be  the  source  of  all  the  oxygen  which  may  be  procured  by  heat 
from  the  salt  in  question,  that  compound  must  exist  in  it  in  the 
proportion  of  at  least  44*883  grs.  to  100  grs.;  and  the  hydrogen 

♦  Nichol.-;on"'s  Journal,  vol.  xzviii.  p.  369. 

+  Phil.  Trans.  1811,  p.  158.     See  also  p.  29  of  the  same  vol.  where  these 
opposite  modificatioos  6f  affinity  are  saccessiveiy  reasoned  on  in  two  tucces* 
..live  paragraphs. 

X  Nicholsoa'8  Journaly  vol.  zxix.  p.  44,  &c. 
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of  this  (about  6*405  grs.)  is  sufficient  to  combine  with  not  less 
than  226*64  cubic  .inches  of  chlorine;  while  according  to  the 
analysis  of  Chenevix,  100  grs.  of  hyperoxymuriate  of  potash 
cannot  possibly  contain  more  than  62*298  cubic  inches :  so  that 
we  should  expect  an  evolution  of  as  much  hydrogen  as  can 
combine  with  164*342  inches  of  chlorine;  yet  no  admixture  of 
hydrogen  has  been  detected  in  the  oxygen  procured  by  heating 
hyperoxymuriate  of  potash.  The  formation  of  the  muriate  along 
with  the  hyperoxymuriate  is  accounted  for  by  Mr.  Crane,  in 
supposing  part  of  the  muriatic  acid  to  be  volatilised  by  the  heat 
.employed :  but  this  must  appear  insufficient  when  we  reflect, 
that  even,  if  the  oxymuriatic  gas  be  passed  through  a  receiver 
containing  water,  previous  to  being  brought  to  act  on  the  alkali^ 
th^e  is.  a  proportion  of  muriate  formed. 

In  accounting  for  the  decomposition  of  the  liquor  of  Libavius 
.  by  ammonia  and  water,  Mr.  Crane  supposes  the  chlorine  to  be 
attracted  from  the  tin  by  the  ammonia  ;  but  Sir  H.  Davy  says,* 
'^  Muriate  of  ammonia,  and  muriate  of  magnesia,  are  perfectly 
correct  expressions  ;  "  and,  on  another  occasion,  f  "  Muriate  of 
ammonia  is  composed  of  muriatic  acid  gas  and  ammonia :  *'  nor 
have  we  any  evidence  that  ammonia  is  capable  of  direct  combi** 
nation  with  oxymuriatic  gas. 

When  hyperoxymuriate  of  potash  is  acted  on  by  muriatic  acid 
very  much  diluted,  a  peculiar  gas  is  disengaged,  to  which  Sir  H. 
Davy  gave  the  name  of  euchlorine.  J 

On  applying  a  very  gentle  heat  to  this  gas,  it  explodes,  and  is 
resolved  mto  chlorine,  and  oxygen,  its  volume  being  at  the  same 
time  fncreased,  according  to  Sir  H.  Davy,  in  the  proportion  of 
120  to  100.    ^ 

This  gas  is  stated  by  its  discoverer  to  consist  of  1  of  oxygen 
united  to  2  of  chlorine  :  it  is  incapable  ol^  supporting  combus- 
tion ;  and  this  circumstance  is  looked  on  by  Sir  H.  Davy  as  an 
argument  in  favour  of  his  theory,  **  If,"  says  he,  "  the  power 
,  of  bodies  to  burn  in  oxymuriatic  gas  depended  upon  the  presence 
of  oxygen,  they  all  ought  to  burn  with  much  more  energy  in 
the  new  compound.''!  This  argument  is,  however,  entirely 
turned  aside  by  what  he  adds  almost  immediately  after;  viz* 
'^  Supposing  oxygen  and  oxymuriatic  gas  to  belong  to  the  same 
class  of  bodies,  the  attraction  between  them  might  be  conceived 
very  weak,  as  it  is  found  to  be.*'  Now  it  is  certainly  not  easy 
to  conceive  that  two^  bodies,  both  of  which  are  excellent  sup- 
•  porters  of  combustion,  and  which  possess  for  each  other  an 
attraction  so  feeble  as  to  be  easily  subverted  by  the  heat  of  the 


♦  Phil.  Trans.  1811,  p.  S3, 
t  PitU.TraOB.  1811,  p.  155. 
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band)  shootdl,  in  consequence  of  so  slight  a  combinatioDy  be 
rendered  incapable  of  performing  this  office.  This  supposition 
seems  quite  as  difficult  to  be  maintaiaed  as  the  ane  which  la 
necessary  to  reconcile  the  fiict  to  the  old  theory ;  and  which  has 
been  laid  hold  of  as  an  argument  against  that  explanation,  viz. 
that  '^  this  muriatic  acid  with  one  dose  of  oxygen  supports 
combustion,  and  with  an  additional  dose  becomes  a  non-*su|>« 
porter/'  Improbable  as  this  supposition  seems  at  first  sight^  we 
are  furnished  with  a  nearly  analogous  instance  in  the  actions  of 
nitric  and  nitrous  oxides  on  living  animals.  Besides,  owing  to 
th<t  great  facility  with  which  tiiis  gaa  is  decomposed,  the  heat  to 
which  the  substances  experimented  on  could  be  exposed  must 
have  been  very  trifling,  and  far  below  what  is  necessary  to  cause, 
their  inflammation  in  pure  oxygen.. 

We  are  now  prepared  to  examine  Sir  H.  Davy's  theory  of 
hyperoxymuriate  of  potash,  which  he  holds  to  be  composed  of 
euchlorine  united  to  peroxide  of  potassium.  Wc  are  not  as  yet 
in  possession  of  any  very  decisive  analysis  of  this  peroxide ;  but 
Sir  H.  Davy  mentions,  that  with  2  grains  of  potassium  he  oh* 
tained  an  absorption  of  2  6  cubic  inches  of  oxygen,  the  weight 
of  which  quantity  is  '884  of  a  grain  :  while  it  appears  probable 
that  2  grains  of  potassium,  in  passing  to  the  state  of  potash, 
absorb  only  '2/8  of  a  grain,  being  rather  less  than  one-third  of 
the  quantity  taken  to  form  the  peroxide.  According  to  Chenevix, 
100  grs.  of  hyperoxymuriate  of  potash  contain  39*2  grs.  ot 
|K>taSh.  Now  in  passing  to  the  state  of  peroxide,  this  quantity 
will  absorb  21*981 16  grs.  of  oxygen :  but  since  from  100  grs.  of 
the  salt  38*478  grs.  of  oxygen  may  be  obtained,  there  remain 
16*41^684  grs.  which  must  enter  into  combination  with  the 
chlorine  to  form  euchlorine.  Sir  H.  Davy  says,  as  was  already 
remarked^  that  this  gas  consists  of  2  of  chlorine  united  to  1  of 
oxygen.  If  by  volume,  their  relative  weights  must  be  as  725  to 
I7O;  and  in  this  proportion,  16  49684  grs.  of  oxygen  require 
69*86616  grs.  of  chlorine,  a  quantity  exceeding  by  44*0597-1 
grs.  the  weight  of  what  the  salt  may  be  conceived  to  contain.  If 
Sir  H.  Davy  means,  that  2  by  weight  of  chlorine  unite  with! 
by  weight  of  oxygen  (which,  from  his  adducing  it  in  illustration 
and  corroboration  of  the  theory  of  definite  volumes  in  gases,  I 
cannot  think  he  does),  the  weight  of  chlorine  required  is 
32-99368  grains,  which  still  considerably  exceeds  25*80645 
grains  (the  quantity  contained  in  100  grs.  of  the  salt),  and 
which  differs  yet  more  from  19*263  grs.  the  proportional  quan- 
tity as  ascertained  by  calculation  on  Sir  H.  Davy's  principles 
from  the  quantity  of  muriate  of  potash  formed  along  with  the 
hyperoxymuriate. 

According  to  the  old  theory,    100  grs,  of  potash,  iffitb  M 


mQch  oacynftirisCtrc  glis  as^tSey  cdn  ict  brf,  5ught  to  yield  nearly 
176-456  grs.  of  saline  ttratter,-»cdhsisting  of  US' 1 76  grs.  of 
moriatey  and  63^^  grs.  of  *byperaxymuriale. 

Accofidnig  to  Sir  H.  DaVy*s  theory,  the  resulting  quantity  of 
saline  matter  ought  to  be  153*188  grs.,-  of  which  117'535  gri. 
ihoaM  be  muriate,  and  35*653  grs.  hy}!)eroxymuriate.*  He  has, 
however,  given  a  calculaVbn  somewhat  different  from  this;  t  by 
vhieh  h  apfpcars  that  100  grs.  of  potash  yield  168*372  grs.  of 
$alioe  matter,  containing^  127*4  grs.  of  muriate^  and  40*972  of 
hyperoxymuriate. 

It  itroi^ly  when  strong  muriaftc  acid  is  made  to  act  on  the  salt 
that  oxy muriatic  gas  is  obtained.  It  were  needless  to  extend  a 
paper,  already  too  long,  by  detailing  the  opposite  theories  of  this 
process ;  it  may  be  sufficient  to  remark,  that,  according  to  Sir  . 
H.  Davy's  view,  hydrogen  must  attract  oxygen  more  powerfully 
than  it  attracts  chlorine. 

Let  us  now  examine  the  phenomena  which  present  themselves 
daring  the  decomposition  of  oxymuriatic  gas;  which  readily 
takes  place,  if  water  impregnated  with  it  be  exposed  to  the  sun's 
light:  According  to  the  old  theory,  the  light  merely  separates 
the  oxygen  from  the  muriatic  acid.  On  the  principles  laid  down 
by  Sir  H.  Davy,  the  chlorine  decomposes  the  water,  uniting 
with  its  hydrogen,  and  setting  the  oxygen  at  liberty:  so  that 
here  the  attraction  between  chlorine  and  hydrogen  must  over*  -• 
balance  that  between  hydrogen  and  oxygen. 

According  to  the  former  of  these  theories,  the  oxygen  comei 
entirely  from  the  oxymuriatic  gas,  and  a  quantity  of  muriatic 
acid  is  left,  equal  in  weight  to  the  gas  used,  minus  the  weight  of 
the  oxygen  obtained.  U^  on  the  other  hand,  Sir  H.  Davy's 
theory  be  correct,  the  oxygen  is  derived  from  tlie  water  alone^ 
and  the  residual  muriatic  acid  will  be  equal  to  the  weight  of  the 
chlorine  used,  plus  the  weight  of  a  quantity  of  hydrogen,  suffi- 
cient to  form  water  witli  the  oxygen  given  out;  while  the  wateih 
must  be  diminished  by  a  quantity  equal  to  the  weight  of  the 
oxygen  obtained,  added  to  the  increase  in  weight  on  the  part 
of  the  chlorine. 

I  had  an  opportunity,  during  the  summer  of  1811,  through 
the  kindness  of  Mr.  Garden,  of  Compton-street,  Soho,  of  per-* 
forming  a  few  experiments  on  this  point ;  not,  however,  with  a 
view  to  ascertain  Mrhether  or  not  the  water  suffered  tmy  diminu- 
tion, but  to  determine  the  quantity  of  residual  muriatic  acid, 

•  In  this  calculation,  I  have  entirely  disregarded  the  uncertainty  respecting 
the  constitation  of  the  peroxide  uf  potassium,  and  of  euchlorioe ;  and  have 
proceedea  solely  on  the  ground  that  100  of  the  salt  give  off  by  heat  38'47b  of 

t  -FhH.  Trans.  181 1,  p;  19. 
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wbick  I  estimated  by  the  formation  of  muriate  of  lilter,  fooiul- 
ing  my  calculations  on  the  analysis  of  that  salt  given  by  Proust.* 
7*5  cubic  inches^  or  5  4375  grs.  of  the  gas  were  agitated  mtb 
distilled  water^  until  it  had  absorbed  the  whole.  Nitrate  of  . 
silver  was  then  adde(}>  and,  after  bemg  several  times  agitated^ 
the  phial  was  set  aside  in  a  dark  place  for  24  hours.  The  mixture 
of  muriate  of  silver  and  acid  liquor  was  then  thrown  on  a  fibre, 
previously  dried  with  care,  and  weighed,  and  tlie  vesiduura  was 
washed  with  distilled  water,  until  it  passed  through  tasteless. 
The  filtre  with  the  muriate  of  silver  was  next  wrapped  up,  and 
laid  in  a  dark  place,  having  a  temper&ture  of  about  ^OP^  until  it 
appeared  perfectly  dry.  It  was  tlien  found  to  have  gained 
between  22*5  and  ;23  grains. 

According  to  the  pld  theory,  5'4375  grs.  of  oxymuriatic  gaa 
should  be  resolved  into  1*323467  gr.  of  oxygen,  and  4*114033 
grs.  of  muriatic  acid,  which  can  combine  with  19*28073  ^rs.  of 
oxide  of  silver,  forming  23*394763  grs.  of  muriate. 

,ln  consonance  with  Sir  B.  Davy's  views,  the  chlorine  and  the 
silver  combine,  while  the  oxygen  previously  in  union  with  the 
silver  is  set  at  liberty.  Now  5*4375  grs.  of  chlorine  are  capable 
of  forming,  by  union  with  hydrogen,  5*64645  grs.  of  muriaric 
acid,  which  can  in  their  turn  produce  31*37917  grs.  of  horn 
silver ;  therefore  5*43/5  grs.  of  chlorine  are  capable  of  fomuDg 
31*37^17  grs.  of  horn  silver. 

To  this  experiment  it  may  be  objected,  that,  if  Sir  H.  Davy's 
theory  be  correct,  the  analysis  of  muriate  of  silver  assumed. must 
be  incorrect  in  regard  to  proportions.  This  objection  it  will  be 
necessary  to  examine  somewhat  minutely.  The  proportions  oF 
acid  assigned  to  the  salt  by  the  analyses  of  Gay*Lu8sac  and 
Thenard,t  Berzelius,;]:  Rose,  Proust,  Zaboada,  Chenevix,  and 
Kirwan,§  do  not  differ  from  each  other  more  than  between 
19*44  and  16*54.  Of  these  I  have  in  this  paper  preferred  that 
of  Proust,  which  is  very  nearly  the  mean  of  tliem.  If,  then, 
100  grs.  of  muriate  of  silver  yield,  on  analysis,  18  grs.  of  muiwtic 
acid  and  82  grs.  of  oxide  of  silver,  it  seems  probable  that  it 
contains  17*323  grs.  of  chlorine,  united  to  75*6  grs.  of  silver. 
But  this  supposition  leaves  a  deficiency  of  7*077  grs. ;  and  to 
fill  up  this  we  must  suppose  the  salt  to  contain  a  proportion  of 
water,  which,  being  decomposed  during  its  analysis,  yields  its 
oxygen  to  the  silver,  and  its  hydrogen  to  the  chlorine.  Now 
75*6  grs.  of  silver  take  6*4  grs.  of  oxygen,  which  can  combine 
'with  1*07  gr.  of  hydrogen,  while  17*323  of  chlorine  cannot 


*  Joaroal  de  Pbyt.  xliz.  p.tSl.  f  Rech.  Phys.  Chen),  ii.  193. 

i  ADD.dc  Cbim.  \xx\x.  ISS;  Izzviti.  114;  luvii.  84. 
S  See  Dr.  Thoinson*i  Syitm  of  Cbcmiitry,  iii.  153, 
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inite  with  more  than  '677  of  a  grain  to  form  muriatic  acid  ;  so 
that  an  evolution  of  hydrogen  must  take  place  to  the  extent  of 
^dS  of  a  gr.  or  15*04  cubic  inches.  Should  it  be 'preferred  to 
nppase  horn  silver  composed  solely  of  chlorine  and  silver,  it 
mst  yields  on  analysis^  ^iO-Os^^of  muriatic  acid,  and  86*648  of 
DKide  of  sihrer.' 

"Mr*  J.  Davy  ims,  in  his  paper  on  the  coihbinations  of  chlorine^ 
stated  another  analysis  of  horn  silver,,  which,  he  observes,  agrees 
?wy  nearly  with  that  given  by  Klaprotb,  viZi  24'5  of  chlorine 
and  7^*^  ^'f  silver^  On  this  basis,  the  result  of  the  analysis 
ihoald  be  25*4224  of  moiriatic  acid,  and  82*4  of  o^tide  of  silver* 
il  mnst,:  iiowever,  be  allowed,  that  if  this  difficulty,  and  some 
others  that  will  be  stated  immediately  as  attaching  to  Mr.  J« 
filnT^s  analysis,  can  be  got  over,  it  will  answer  veiy  nearly  to 
the^result  of  the  above  detailed  experiment ;  for  5M375  grs.  of 
chlorine  ought,  on  this  estimate^  to  form  22*194  grs.  of  horn 
silver^ 

V  If  oKide  of  silver,  at  the  precise  degree  of  oxidation  in  which 
ill  has  been  stated  to  be  found  in  muriate  of  silver  (viz.  containing 
^boat  7*0049  per  cent,  of  oxygen)  be  added  to  common  muriatic 
Mt^i'there  ought  to  ensue,  on  Sir  H.  Davy's  theory  (if  Proust's 
flody^  be  correct),  an  evolution  of  oxygen  to  the  amount  of 
^flSHicobie  inches  for  each  100  grs.  of  the  salt  formed,  because 
die  hydrogen  previously  united  to  the  chlorine,  with  which  75*6 
gn^^af  ^Iver  can  combine,  is  incapable  of  entering  into  combi- 
natioiTwitli  more  than  3*95598  grs.  of  tljie  6*4  grs.  of  oxvgen 
i^hich  that  quantity  of  silver  holds  in  union  with  it.  Or,  adopt- 
ing Mr.  J.  Davy's  analysis  of  horn  silver,  the  evolution  of 
-oiEygen' should  amount  to  2*97  cubic  inches ;  because  75'5  grs, 
of  silver  hold  in  combination  6*5  grs.  of  oxygen,  of  which  only 
&*5t  grs.  can  enter  into  union  with  the  hydrogen  (*9224  of  agr.) 
Kt  firee  from  its  combination  with  tbe  chlorine. 

Again,  in  the  process  of  separating  chlorine  from  silver,  there 
QOgfat  to  be  an  evolution  of  a  little  more  than  15  cubic  inches  of 
hydr^en  for  every  100  grs.  because  the  silver  requires  1*44402 
gr.  of  oxygen  more  than  can  be  furnished  by  the  water  sufficient 
10  afibrd  '677  of  a  gr.  of  hjrdrogen  to  the  chlorine.  But,  by  Mr. 
J.  Davy's  analysis,  this  evolution  of  hydrogen  ought  not  to 
exceed  6*99  cubic  inches,  for  24*5  grs.  of  thlorine  take  "9224 
af  a  gr;  of  hydrogen,  and  this  quantity  is  capable  of  combining 
with  5*51  grs.  of  the  6*5  grs.  of  oxygen  required  by  the  silver. 

The  former  part  of  the  reasoning  employed  to  obviate  the 
probable  objection  against  the  experiment  which  I  have  detailed, 
would  be  ia  some  measure  incomplete,  were  I  to  overlook  Sir  H. 
Davy's  theory  of  the  nature  of  tlie  muriates.  This  I  shall  notice 
as  brieffy  as  possible* 

Taking,  tlieo^  the  instance  of  muriate  of  potash^  it  appears 
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by  ealcalation,  that  while  the  oxygen  of  100  of  potash  unites 
with  the  hydrogen  of  52*4748  of  muriatic  acid,  the  residual 

?otass]um  (86-1)   comhining  with  the  chlorine  (50*16)  forms 
36*26  of  muriate  of  potash.     But  the  materials  employed,  were 
fr  weight  152*4748 ;  so  that  a  deficiency  in  the  weight  of  the 

firoduct,  of  not  less  than  16*2148,  remains  to  be  accounted  fou 
t  may,  indeed,  be  said,  that  on  account  of  the  water  contained 
in  potash,  a  deduction  is  requisite  on  either  theory ;  but  as  this 
operates  equally  on  both,  while  the  other  is*  entirely  unnecessary 
6X1  the  old  theory,  we  are  thus  furnished  with  an  apparently  easy 
ttiode  of  discrimination. 

Nor  does  the  analysis  of  the  salt  seem  less  decisive :  according 
to  Sir  H.  Davy's  theory,  100  parts  of  muriate  of  potash  should    . 
yield  35*976  of  muriatic  acid,  and  7^*93  of  anhydrous  potasH; 
In  all,  107  906. 

Moreover,  in  decomposing  muriate  oi  potash  by  nitrate  of 
silver,  the  ]3otass]um  must  be  oxidated  by  decomposing  either  the 
water  or  the  oxide  of  silver.  If  by  the  former  means,  there 
inust  be  an  evolution  of  88*6  cubic  inches  of  hydrogen  from  the 
decomposition  of  136*26  grs.  of  the  salt.  If  in  the  latter  waj^ 
then,  as  50*16  grs.  of  chlorine  can  decompose  239*2741  grs.  of 
oxide  of  silver,  the  oxygen  of  this  quantity,  which  amounts  to 
nearly  22*085  grs.,  must  unite  with  the  potassium ;  but  81*6  grs. 
of  potassium  can  take  13*9  grs.  of  oxygen  only :  therefore  there 
must  be  an  extrication  of  8*185  grs.  of  this  gas,  or  about 
24*0735  cubic  inches.  Beside,  the  residual  muriate  of  silver 
will  not  weigh  291*7489  grs.,  but  267*3491  grs.  only. 

Before  concluding,  I  have  only  to  remark,  that  the  calcula* 
tions  above  detailed  are  rendered  in  a  great  measure  uncertain, 
from  the  want  of  accurate  and  consistent  statements  of  the 
^composition  of  potash,  and  of  water,  as  well  as  of  the  quantity 
of  oxygen  which  may  be  obtained  from  a  given. portion  of  oxy- 
Aiuriatic  gas.  ^ 

With  regard  to  potash,  the  various  statements  ^ven  by 
different  chemists^  and  on  different  occasions,  are  full  of  per* 
plexity. 

Sir  H.  Davy  details  two  experiments,  the  mean  result  of 
which  was  13*9  per  cent,  of  oxygen  ;  *  and  on  the  basis  afibrded 
by  this  estimate,  the  calculations  in  the  foregoing  paper  vrtte 
made^  the  method  (practised  in  these  experiments  was  the  com- 
bustion of  potassium  in  oxygen  gas,  the  result  of  which  process 
is  afterwards  t  said  by  Sir  H.  Davy  to  be  peroxide  of  potassium^.  ^ 

♦  PhU.  Trans.  |808,  p.  88.  +  Phil.  Trans.  1811,  p.  6. 

i  Yet  the  experiments  detailed  in  pa^  4  of  the  Phil..  Trans,  for  1811  seem 
to  indicate  that  the  peroxide  of  potassium  contains  about  30 ^er  cent,  of 
axjfgen;  and  MM.  Gaj-Lnstac  and  Thenard  (Recherches,  &c.  i. -p.  ISI)  fttatr 
duk  itf^ntaiu  three  lines  as  moch  ox>geB  as  exists  in  potash. 
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By  the  evolution  of  hydrogen  from  water  by  potassium,  the 
proportion  is  fixed  at  16.*     At  p.  34  of  the  Phil.  Trans,  for 
1810,  is  a  reference  to  the  Bakerian  lecture  for  1807,  as  war^ 
ranting  an  Estimate  of  15*254.     On  one  occasion f  calculations 
ire  made  from  a  proportion  of  14*895,  and  on  another;]:  15*6  jg 
assumed.  .  MM.  Gay-Lussac  and  Thenard  give   16*629  as  th6 
result  of  their  experiments ;  §  and  M.  Berzelius  states  at  first  || 
17007,  but  afterwards**  either   16*978*  or  17-153.      It  may 
perhaps  be  objected  to  the  accuracy  of  my  calculations,  that  I 
nave  founded  them  on  a  proportion  authorized  by  the  meap 
result  of  only  two  experiments,  and  those  tHe  first  that  had  been 
performed  on  the  subject.    To  this  I  would  reply)  that  the  detail 
given  of  these  experiments  appeared  to  me  sufficiently  minute 
apd  satisfactory ;  and  that  the  other  results  have  all  of  them  been 
obtained  by  calculations  founded  on  a  vieiV  of  the  constitution  ef 
water,  with  which  I  must  confess  myself  not  perfectly  satisfied. 
The  statement  of  the  composition  of  water  given  by  Dr. 
Thomson,  ft    on  the    authority  of  Fourcroy,   Vauquelin,  and 
Sequin,  has  been  adoptf^d  in  the  preceding  calculations  :  thi| 
proportion  is  85*662  of  oxygen  to  14*338  of  hydrogen.     Gay^ 
Lussac   and  Humboldt   give  87*4   and   V2'G;XX    and  in  tht 
Rechesches  Physico-Chimlques,  the  calculation  of  the  constif 
taents    of   turpentine  §§    is    made    from    the    proportion    of 
87-998152  and  12001847,  while  m  the  analysis  of  oxalic  acid  |||| 
the  proportions  asssumed  are  88*367260  and  11*632739.    The 
ptiportions  assigned  by  Berzelius  are  88*246  and  11*754,***  or 

87*587  to  12»413.ttt 

Mr.  Murray  JJJ  gives  16  of  oxygen  and  84  of  muriatic  acid 
as  the  constituents  of  oxy muriatic  gas :  Dr.  Thomson  §§§  details 
an  experiment  by  Chenevix,  apparently  very  accurate,  the  results 
of  which  werei22'5  of  oxygen,  and  77*^  ^f  muriatic  acid  ;  and 
to  this  estimate  1  have  adhered  in  the  foregoing  paper.  Mr. 
Dalton||||||  states  24  of  oxygen,  and  76  of  muriatic  acid;  and 
BerzeKos  ****  assigns  23*37  and  76*63,  but  afterwards  fttt 
states  22-768  and  77*232. 

♦  Phil.  Trans.  180i9,  p.  SO.  +  Phil.  Tran§.  1809,  p.  5S. 

t  Phil.  Trans.  1810,  p.  245.  ^  Recherches  Pbys  Chim.  i.  p.  1S9, 

I  Aon.  de  Chim.  Ix-Kvii.  p.  84.  *  '^  Ann.  de  Chim.  Izxiz.  p,  140. 

+  t  System,  Ac.  i.  p.  123.  tt  -^""-  ^^  Chim.  liii.  p.  248. 

f^S  Ann.  de  Chim.  ii,  p.  313.  ||||   Ann.  de  Chim.  ii.  p.  302.  -^ 

•♦♦  Ann.  de'Cbim.  IxxvTi.  p.  84;  Ixxxi.p.  24. 

.    +  f  f  Ann.  de  Chim.  Uxix.  p.  246.  1 J  t  System  of  Chemistry,  ii,  p.  dW. 

^^^  Syst.  of  Chem.  ii.  p.  257.  ||||[|  New  System,  &c.  308. 

*  »  •  t  Ana.  de  Chim.  Ixxvii,  p.  84.  ft  + 1  Ann.  de  Chim.  Ixxx.  p.  SI. 
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Memoir  on  the  Determination  of  the  Specific  Heat -of  the 
different  Gases.  By  MM.  F.  Delaroche,  M.D.  and  J.  E. 
Berard.* 

The  subject  proposed  by  the  Institute  as  a  prize  at  the  meet*- 
ing  of  the  7th  January,  1811;  namely,  the  determination  ot 
the  specific  heat  of  the  gases;  had  previously  attracted  the 
attention  of  different  philosophers,  some  of  whom  have  treated 
of  it  in  detail :  yet  so  little  progress  has  been  made  in  the  inves- 
tigation, though  the  question  proposed  be  sufiiciently  simple, 
that  we  are  almost  as  far  from  being  able  to  answer  it  with 
precision  as  we  were  before  it  became  the  subject  of  investiga- 
tion. 

Crawford,  as  far  as  we  know,  is  the  first  person  who  began  the 
investigation.  He  published  the  result  of  his  researches  in  i788. 
At  that  time  a  great  number  of  experiments  had  been  made  upon 
the  specific  heat  of  bodies  in  general.  MM.  I^avoisier  and  de 
Laplace  had  already  published  uie  result  of  their  experiments  on 
that  subject,  and  had  given  a  description  of  their  calorimeter  of 
ice :  yet  Dr.  Crawford  preferred  the  method  of  mixtures  of 
water,  or  other  bodies  whose  specific  heat  was  considered  as 
known.  After  many  unsuccessful  attempts,  which  it  would  be 
too  tedious  to  describe  here,  he  thought  that  he  succeeded  byjhe 
following  method.  He  procured  two  copper  vessels^  very  thin, 
and  of  the  same  shape,  size,  and  weight.  He  filled  one  of  them 
with  the  gas  that  he  wished  to  examine,  and  made  a  vacuum  in 
the  other.  He  then  heated  both  in  boilhfig  water,  and  plunged 
both  suddenly  into  cylinders  containing  a  small  quantity  of  <^d 
water,  but  sufficient  to  cover  them.  He  subtracted  the  heat 
communicated  to  this  water  by  the  exhausted  vessel  from  that 
communicated  by  the  vessel  full  of  gas,  and  considered  the 
remainder  as  the  effect  produced  by  the  gas,  or  as  its  specific 
heat.  He  had  taken  gVeat  precautions  to  ensure  the  accuracy.of 
his  results ;  but  it  is  quite  evident,  from  the  smallness  of  the 
change,  tliat  no  confidence  could  be  placed  in  them.  The  rise 
in  the  temperature  of  the  water  never  exceeded  0'4^  Fahrenheit. 
The  following  is  the  table  of  \\\»  results : — 

*  TfiUDslatfd  from  the  Anoales  d«  Chimin  fnlr  Jansnry,  181S,  toI.  Ixxzv. 
p.  72.  This  memoir  gained  the  prize  proposed  by  the  lostitute,  aod  dei»ervef 
particular  atteotion.  It  overturns  the  theory  of  aoimal  heat  S|dfanced  by 
Crawfordi  aod  Layoisier's  theory  of  combustion. 
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Specific  heat  of  Water I'OOO 

Atmospheric  air 1*790 

Oxygen  ••.,;,..* 4749 

Azote 0793 

Carbonic  acid . . .  * .  .v . ....  I  046 
.  Hydrogen  ...•  ^  •...••  •  .21*400 

Before  the  work  of  Crawford  appeared,  Lavoisier  and  Laplacer 
bad  made  some  experiments,  which  were  not  published  till  long 
after.  They  had  employed  their  calorimeter  of  ice,  througlv 
which  they  passed  a  current  of  ^as  contained  in  a  terpentines 
which  enveloped  on  all  bides  the  ice  of  the  interior  chamber.  A 
thermometer  placed  at  each  extremity  of  the  serpentine  enabled 
them  to  observe  the  temperature  of  the  gas  wheait  entered  and 
came  out  of  the  calorimeter.  The  gas  was  heated  by  passing 
ihrough  a  serpentine  surrounded  with  boiling  water,  before  it 
entered  into  the  calorimeter.  These  experiments,  though  sufr- 
.  eeptible  of  much  greater  precision  than  those  of  Crawford,  were 
'  not  free  from  very  material  imperfections.  The  method  employed 
t>y  these  philosophers  to  take  the  temperature  of  the  gases  at  its 
entrance  into  the  calorimeter  was  insufficient,  since  the  gas,  in 
paissiDg  through  the  exterior  coating  of  ice,  would  lose  a  portion 
of  the  heat  which  the  thermometer  had  indicated,  without  con- 
tributing by  that  to  melt  the  ice  in  the  interior  chamber.  On 
the  other  hand,  they  do  not  say  that  they  took  any  precautions  to 
dry  (be  gases  upon  which  they  made  their  experiments.  These 
gases,  charged  with  the  humidity  which  the  contact  of  water  in 
the  gazometers  would  necessarily  communicate,  no  doubt  depo- 
sited the  whole  of  it  when  they  passed  through  the  calorimeter; 
but  we  know  that  vapour,  when  it  condenses,  gives  .out  a  great 
deal  of  heat.  It  is  proper,  however,  to  remark,  that  the  tem- 
perature at  which  these  experiments  were  made,  being  probably 
put  little  elevated  above  the  freezing  point,  the  quantity  of 
vapour  mixed  with  the  gas  \yould  not  be  considerable*  Lavoisier 
and  de  Laplace  only  subjected  to  these  experiments  oxygen  and 
atmospherical  air.  They  found  for  the  specific  heat  of  the  first 
(diat  of  water  being  1*00),  0-65,  and  for  the  second  0*33  5  but 
LAvoisier  acknowledges  that  the  accuracy  of  these  results  cannot 
be  entirely  depended  on. 

Since  that  time,  various  attempts  have  been  made  to  appre- 
ciate, by  indirect  means,  the  specific  heat  of  some  gases.  Mr. 
Leslie  has  employed,  in  order  to  compare  the  specific  heat  of 
hydrogen  and  atmospheric  air,  a  process  founded  on  the  follow- 
ing considerations.  When  a  large  receiver  is  partly  exihausted  of 
air,  if  air  be  allowed  to  enter  into  it,  the  dilated  air  which  it 
contained  will  condense,  and  its  temperature  will  be  increased 
by  a  constant  quantity,  whatever  gas  enter  into  it  5  but  the 


^  156  '  On  thi  Betermlnatian  of  tht  ^  [Ac©. 

entering  gas  will  absorb  a  part  of  this  excess  of  h^,  and  the 
mixture  will  have  a  mean  temperature  between  that  of  the  enter- 

'  ing  gas  and  that  which  the  air  would  have  acquired  if  it  had  not 
been  obliged  to  part  with  any  of  its  heat.  Now  it  is  evident  that 
this  mean  temperature  will  be  so  much  the  lower  the  greater  the 

.  specific  heat  is  of  the  gas  which  enters.  The  experimenis  made 
by  Mr.  i^^lie  have  led  him  to  conclude,  that  equal  volumes  of 
iydrogen  and  atmospherical  air  have  the  same  specific  heat. 

The  principle  upon  which  this  ingenious  process  is  founded  is 
not  perfectly  just ;  since  it  appears  from  the  experiments  of 
Gay-Lussac,*  that  part  of  the  heat  developed  in  this  case  comes 
from  the  gas  that  enters  into  the  receiver.  It  appears,  likewise^t 
that  some  unknown  circumstance  has  misled  Mr.  Leslie  res|)ect* 

.  ing  the  result  of  his  experiments :  for  analogous  experiments, 
Hiade  with  the  greatest  care,  have  given  different  results  to  Gay- 
Lussac;  and  he  did  npt  observe  that  equality  of  eftect,  which 
takes  place,  according  to  Mr.  Leslie,  when  atmospherical  air 
and  hydrogen  gas  are  made  to  enter  into  an  exhausted  receiver. 
Gay-Lussac,  in  these  experiments,  made  use  of  two  similar 
balloons,  communicating  with  each  other  by  a  pipe  furnished 
with  a  stop-cock.  He  made  a  vacuum  in  the  one,  and  filled  the 
other  successively  wi ill  different  dried  gases.  In  the  centre  of 
each  of  these  balloons  was  a  iliermometer  of  spirit  of  wine. 
When  the  stop-cock  was  turned,  the  gas  rushed  from  the  full 

.  vessel  into  the  empty  one.  ,  He  had  taken  precautions  to  render 
the  velocity  of  the  current  equal  in  all  cases.  The  thermometer 
of  the  first  balloon  sunk,  and  that  of  the  second  rose  the  same 
number  of  degrees ;  but  that  number  varied  according  to  the 
nature  and  density  of  the  gases  employed.  Gay-Lussac,  thinks 
ing  that  the  specific  heat  of  the  gases  subjected  to  these  experi*, 
ments  was  proportional  to  the  rismg  and  falling  of  the  thermo- 
meters, thought  himself  entitled  to  conclude  that  the  specific 
heat  of  equal  volumes  of  the  different  gases  was  inversely  as 
their  specific  gravity,  and  of  the  same  gas  directly  as  its  density; 
iiut  he  only  gave  this  opinion  as  a  probable  conjecture,  without 
affirming  any  thing  respecting  its  justness.  In  fact,  the  pheno- 
mena which  take  place  in  such  cases  are  very  complicated,  and 
it  is  almost  impossible  to  distinguish  what  depends  upon  the 
ditl'erent  conducting  ppwer  of  the  gases  from  what  depends  upon 
their  specific  heat. 

M.  G«y  Lu"5sac  has  discovered  this  himself,  in  the  new 
memoir  which  he  has  lately  published  on  the  subject, t  and  in 
which  he  came  to  different  results.  He  employed  in  these  last 
experiments  a  very  simple  and  ingenious  method  to  determine 
the  specific  heat  of  the  gases.  It  consists  in  passing  to  the  centre 

■      •  * 

•  M^m.  d'Arcodl,  'u\m.  i  Ann.  de  Chim.  Ixxxi.  98. 
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ofasmfJI  reservoir,  containing  a  thermometer*  a  current  of  two 
diflerent  gases,  the  one  hot,  the  other  cold.  Knowing  the  tem- 
perature of  the  two  gases  hefore  their  niixture,  and  that  of  tli^ 
mixture,  it  was  easy  to  infer  the  ratio  between  their  respective 
specific  heats.  This  process,  besides  that  it  does  not  give  us  the 
ratio  between  the  specific  heat  of  the  gases  and  that  of  water,  i$ 
attended  with  another  inconvenience.  When  only  small  quanti- 
ties  of  gas  are  employed,  a  great  part  of  their  heat  is  communi- 
cated to  the  vessels  in  which  the  mi.\ture  is  made,  which  may 
lead  to  erroneous  conclusions.  Accordingly,  as  he  made*  hit 
experiments  at  first  on  the  gases  that  can  be  most  conveniently 
procured,  such  as  air,  hydrogen,  carbonic  acid,  &c.  which,  .xis 
will  be  seen  afterwards,  do  not  differ  much  in  their  capacity  for 
helit,  he  was  induced  to  believe  that  the  same  volumes  of  all  the 
gases  had  the  same  capacity.  However,  he  afterwards  published 
a  note,*  from  which  we  see  that  he  had  brought  his  processio 
perfection  by  operating  upon  large  quantities  of  gas.  By  that 
method  he  ascertained  that  hydrogen  and  carbonic  acid  have 
different  specific  heats,  and  the  numbers  which  he  assigns  ap* 
proach  to  those  which  we  liave  ourselves  obtained.  This  iiiduces 
us  to  remark  to  the  commissioners,  that  a  first  memoir  having  for 
its  motto  Tecttis  rnagis  cestuai  ienis,  which  contains  our  most 
]m|X)rtant  results,  was  deposited  in  the  hands  of  the  Secretary  of 
the  Institute  on  the  3d  of  February,  1812,  more  than  five 
months  before  that  note  of  Gay-Lussac  was  published  in  the 
Annates  de  Chimie. 

Among  tlie  attempts  made  to  determine  the  specific  heat  of 
the  gases,  we  ought  to  reckon  the  table  drawn  up  by  Mr.  Daltpn 
from  principles  purely  theoretical,  founded  on  this  hy|K)thesis, 
thai  the  quantities  of  heat  heloftgihg  to  tlie  ultimate  particles  of 
all  elastic  fluids  ought  to  be  the  same  under  the  same  pressure 
and  ^t  tlie  same  temperature.     His  table  is  as  follows  : — 


Hydrogen  gas 9-382 

Azotic  gas 1  '866 

Atmospheric  air 1*759 

Ammonia i'555 

defiant  gas  . . . , 1  '555 

Oxygen   1*333 

Carbureted  hydrogen  . .  .1*333 

Aqueous  vapour 1  *166 

Vapour  of  ether 0*848 


Nitrous  gas .0*777 

Oxide  of  carbon   0*777 

V'^aiwur  of  alcohol ..... .0*586 

Sulphureted  hydrogen  .  .0*583 

Nurous  oxide  gas 0*549 

Vapour  of  nitric  acid  . .  .0*491 

Carbonic  acid 0*491 

Muriatic  acid 0*424 


^uch  are  the  results  of  the  investigation  of  this  subject  hitherto 
made.     By  comparing  them  together,  it  is  easy  to  see  bow  fai^ 


•  Abu.  de  Chim.  IjUXiU.  iO^* 
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they  differ  from  one  another.      Unless  we  deceive  oarselves 
respecting  the  justice  of  those  results  which  we  ourselves  have ' 
obtained,  {t  will  be  seen,  by  what  follows,  how  far  they  al^ 
(Sieviate  from  the  truth. 

(To  he  corUinutd.) 


Article  XII. 


Astronomical  and  Magnetical  Observations  at  Hackney.  Wtek* 

By  Col.  Beaufoy. 

If  the  wires  of  a  transit  instrument  be  placed  at  unequal 
distances  from  the  centre  wire,  and  from  each  other,  the  fol- 
lowing method  may  be  used  to  correct  the  mean  of  the  times  of 
the  sun  or  star  passing  the  lateral  wires,  (i.  e,)  those  on  each  side 
of  the  middle  one. 

Let  a,  b,  c,  d,  represent  the  equatorial  intervals,  or  the  time 
that  a  star  in  the  equator  takes  to  pass  from  wire  to  wire ;  and 
suppose  X  to  be  the  time  that  the  star  passes  the  first  or  eastern- 
most wire;  then  X  +  a  is  the  time  of  passing  the  second  wire  ; 
X  -h  a  -f-  b,  the  time  of  passing  the  third  wire ;  x  +  a  +  b  +  c, 
the  time  of  passing  the  fourth  wire ;  and  x  +  a  +  b  +  c-fd, 
the  time  of  passing  the  fifth  or  last  wire. 

]f  the  wires  had  been  equi-distant,  it  is  evident  half  the  sum 
of  the  first  and  fifth,  or  second  and  fourth,  would  have  been 
equal  to  x  +  a  +  b,  or  i  of  the  times  of  passing  all  the  wires  ; 
therefore  the  differences  between  each,  and  x,  a,  b,  will  be  tlie 
required  corrections. 

Suppose  the  equatorial  intervals  of  a,  b,  c,  and  d,  to  be  as 
follows :  a  =  25-33'',  b  ±=  25-«7^  c  =  25-87'',  d  sr  25-47", 
then  ?  +  50*40"  is  equal  to  x  -f  a  +  b,  the  time  of  passing 
the  middle  wire;  but  a  mean  of  all  the  five  wires  is  a  +  50-78": 
therefore  the  correction  is  0-38"  to  be  subtracted. 

Again,  the  sum  of  the  first  and  fifth  wires  is  2  x  4-  101-93", 
its  half  is  x  +  50*97'^  and  the  correction  0-57''''  to  be  sub- 
tracted. Half  of  the  sum  of  the  second  and  fourth  wires  is 
%  +  50-80",  the  correction  0-40"  to  to  be  subtracted. 

a  =  25-33" 

b  ==  25-07 

c  =  25-87  ' 

d  ==  25-67 

X  Time  of  passing  the  1st  wire. 

x  +    25-33"  Ditto 2d 

X  +     50-40    Ditto 3d 

X  +    76-27    Ditto 4th 

x+  101-93    Ditto , 5th 


WiaiO       '  '      '       at  Hackney  Wick.  I3f 


I 


8  X  I- ^101-60"  _  ^  ^  ^^^    jj.^^^     2j  ^^j  ^j^^ 

A  X  +  iOS-S3"  _  X  +  50-88   Ditto . .  1st,  2d,  Sdj  and  4th: 
3  ^  f  152-00"  _  ^  .^  gQ.gj,    pj^j^    2d,  3d,  and  4th. 

# 

5»  +  853-94"  _  jj  ^  50-79    Ditto .  .1st,  2d,  3d,  4th,  and  5th. 

ft 

By  taking  the  differences  between  the  time  that  the  star  passes 
the  middle  wire,  and  the  mean  pf  the  times  of  passing  the  oth^r 
wires,  the  following  six  corrections  are  obtained: — 

Subtract  0*57''  for  the  1st  and  6th  wires. 
Sublet  0*40    for  the  2d  and  4th  wires.  ^ 

Subtract  0-48    for  the  1st,  2d,  a4,  and  4th  wires.y«r 
Subtract  0*27    for  the  2d,  3d,  and  4th  wires. 
Subtract  0*38    for  the  1st,  3d,  and  5th  wires. 
Subtract  0-39    for  the  I'st,  2d,  3d,  4th,  and  5th  wires. 

Should  the  star  or  sun  not  be  in  the  equator,  these  corrections 
must  be  multiplied  by  the  natural  secant  of  the  object's  declina- 
tion ;  or  to  the  logarithm  of  the  equa]torial  correction  add  the  log. 
secant  of  the  declination  ;  the  natural  number  answering  to  the 
sura  will  be  the  required  correction. 

The  angles  subtended  by  the  spaces  between  the  wires  may  be 
found  by  placing  diiferent  marks  at  a  given  distance  from  the 
instrument,  and  from  each  other,  and  then  calculating  the 
angles ;  or  they  may  be  found  by  observing,  with  a  watch  or 
clock,  the  seconds  and  parts  of  a  second  the  stajrs,  situated  in 
Arion's  Belt  and  Sword,  take  to  pass  from  wire  to  wire. 

N.B.  Should  a  star  be  observed  under  the  Pole,  the  correction 
must  be  added,  not  sybtracted. 

Astronomical  Observations. 

Hackney  Wick. 

July  12,  Immersion  of  ^Sagittarius  at  ..12i>  56'    16''   Mean  Time.    Certain 
to  a  second,  and  no  diminution  of  the  star's  light  took  place  at  the  contact. 


^..y 
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Magnetical  Observations, 

Latitude  51*  SS'  40''  North.     Longitude  West  io  Time  «  -^ 

18)3. 


Muroinf^  Observ. 

Noon  Observ. 

Evening  Observ. 

Month. 

1 

Hour. 

Variation. 

Hour. 

Variation. 

Hour. 

Variation. 

Juii'    19 

8'» 

'.0'|24»    14'    18" 

Ih  40^  ^40  5^3/    40" 

7»»  3y 

24» 

14'   W 

Ditto  ^0 

8 

15   24     11     05 

1     25  l24     23     24 

6    52 

24 

17     5« 

Diuo  21 

8 

44 

24     IS     16 

1     25  ,24     21      14 

7     30 

24 

15    45 

Oilib  *:i; 

8 

Sfir 

24     14    55 

I     15  124     22    42 

7     ^0 

24 

16    54  \ 

1  itto  <a3 

8 

35 

24     12    57 

1     52    24    20     53 

7     25 

24 

14    25 

Ditto  Sd 

8 

37 

24     13     52 

2    00  *24     20     54 

8     00 

24 

15    21 

Ditto  27    8 

^b 

24     14     38 

1     30  1^4     23     42 

—     •— 

— 

—    — 

Ditto  28   8 

35 

24     14    Ot 

1     50   24    23     57 

7     13   24 

16    21 

Ditto  29   a 

24 

v4     10     37 

1     20   24    24     32      6     32    24 

14    48 

Mean  of 

Observations 

in  Juije. 

Pitto  In  May. 


Pitto  in  April 


Morning  at  8^  30' Variation  24**  12'  55" 

Noon  at  1  S:l  .•. . ..  Ditto  24  22  17 

Evening  at  7  04 Ditto  24  16  04 

Morniiifi;  at  ,  8  28 Ditto  24  16  02 

Noon  at  1  37.....  Ditto  24  20  54 

Evening  at  6  14 Ditto  24  13  47 

Viorniiig  at  8  31 Ditto  24  09  18 

Noon  at  0  59 Ditto  24  21  12 

Evening  at  5  46 Ditto  24  15  25 


Magnetical  Observations  continued. 

M 

orning  Observ. 

Noon  Observ. 

Evening  Observ. 

Month. 

Honr.  1  Variation. 

Hour.     Variation. 

1 

Hour. 

Variation. 

Jnly      1 

8" 

10'  24«   11'    15" 

Ih 

36' 

240 

22' 

SO" 

7h 

20' 

24» 

15'   50" 

Ditto    2 

8 

35   24     13    53 

1 

89 

«4 

21 

17 

— 

— — 

— . 

._    .,_ 

Ditto    4 

8 

37  Ii4     14    44 

1 

40 

24 

23 

47 

8 

20 

24 

15    47 

Ditto    5 

8 

30   24     11     58 

1 

45 

24 

21 

01 

7 

05 

24 

16    09 

Ditto     6 

8 

35  24     15    56 

I 

38 

$4 

24 

00 

7 

25 

24 

15    35 

Ditto    7 

8 

27  ;24     13     37 

_ 

_. 

— 

._ . 

7 

17 

24 

15    24 

Ditto    8 

8 

40   24     14     11 

1 

52 

24 

24 

10 

6 

55 

H 

16     14 

Ditto    9 

8 

45   24     12    47 

— ~ 

— 

— . 

— 

— 

7 

40 

24 

16    53 

Ditto  10 

8 

10   24     15     i5 

} 

50 

24 

21 

06 

7 

55 

24 

15     05 

Ditto  11 

8 

S3  i24     14    35 

1 

35 

24 

21 

65 

7 

10 

24 

15    50* 

Ditto  V2 

8 

30 

24     14    55 

—— 

.^ 

— . 

.i... 

._ 

_ 

-^-    >» 

Ditto  14 

— 

— 

_    -.    —1 

— . 

_ 

~—. 

— ~ 

__ 

6 

58 

24 

17     56 

Ditto  15 

8 

SO   24     15    20 



•— 

— 

..» 

,.—. 

_ 

. 

«^^                 ^^HW 

Ditto  16 

8 

40   24     15    02 

1 

50 

24 

23 

38 

.._ 

-                        ^m^mm 

Ditto  17 

8 

3.)   24     13    34 

1 

55 

24 

23 

38 

7 

15 

24 

18    22 

\    Ditto  18 

8 

SO   24     15     10      1 

53   24 

22 

25 

7 

42    24 

16    52 

XSiy]  4naly^e$  of  Books.  HI 

Article  XIIL 
Analyses  of  Books. 

Tableau  Meihodique  des  Especes  Mtnerales^  Seconde  Vartie: 
contenant :  la  Distribution  methodique  des  Especes  Minetales^ 
extraite  du  Tableau  Cristallographique  pnblie  par  M,  Haiiy  en 
1809,  leur  Synonymies  Fran^aise^  Allemande^  Laiienne^  Es* 
pagnoldj  et  Anglaue^  avec  P Indication  de  Intr  Gisment;  auX" 
quelles  on  a  joint  la  Description  abregee  de  la  Collection  dd 
minereaux  du  Mttseum  d'Histoire  Naiurelle  et  celle  des  Especes 
et  des  yarietSs  observes  Jepuis  1806^  ju^q'en  1812,  par  L  A.  H% 
LucaSy  adjoifit  a  son  Pere^  Garde  des  Gaieties  du  Museum 
d^Histoire  Naiurelle  et  Agent  de  VInstitut  Imperial  de  France^ 
Membre  de  plusieitrs  Societes  Savantes.     Parb^  1813. 

This  book  is  chiefly  interesting  because  it  shows  us  the  present 
state  of  mineralogy  in  the  French  capital,  and  makes  us  ac- 
quainted with  the  additional  facts  ascertained  by  Ha /y  (it  would 
appear  the  only  mineralogist  in  Paris)*  since  the  publication  of  his 
Tableau  Comparati/'  in  1806.  As  the  French  mineralogists 
confine  themselves  chiefly  to  crystallized  minerals,  and  are  not 
acquainted  with  the  method  of  describing  minerals  by  their 
external  characters,  it  is  hardly  possible  to  make  their  labours 
intelligible,  except  by  figures.  And  as  Lucas  gives  no  figures, 
the  utility  of  his  work  is  in  a  great  m.easure  confined  to  those 
persons  who  are  employed  in  studying  mineralogy  under  Haiiy, 
The  localities  of  the  different  minerals  which  he  has*  added  are 
likewise  of  considerable  value ;  and  the  notes  copied  from  various 
new  publications,  some  of  which, are  unknown  in  Great  Britain, - 
give  the  work  an  additional  value  to  the  English  reader.  Instead 
of  a  regular  analysis  of  this  book,  which  would  be  of  no  use,  I 
shall  endeavour  to  collect  from  it  the  improvements  which  Hauy 
has  introduced  into  his  system  since  the  original  publication  of 
hisMi//e?ra/o^i^in  1801. 

I.  Haiiy,  as  is  known,  I  presume,  to  most  of  my  readers,  has 
invented  a  new  name  for  almost  every  mineral  species.  These 
innovations  originating,  it  is  difficult  to  conceive,  from  wha( 
cause,  have  been  highly  approved  of  by  the  French  in  general/ 
And  M.  Lucas,,  to  en'able  foreigners  to  participate  in  the  bless- 
ing of  these  new  names,  has  been  at  the  trouble  to  get  the 
Haiiyan  nomenclature  translated  into  German,  Italian,  Spanish, 
English,  and  Latin.  The  English  translator,  he  tells  us,  is  Dr. 
Bussel,  we  presume  an  American.  Unluckily,  the  translatioa 
is  so  little  accommodated  to  our  language,  that  it  could  not  be 
used  without  exciting  ludicrous  ideas.  The  adjective  being 
always  placed  after  the  substantive^  a  positiou  which  our  Ian- 
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guage  does  not  admit.  Thus  we  have  lime  carbonatedy  lime 
plioiphated,  lime  Quoted,  lime  sulphated,  ^e.  If  the  other 
translations  are  not  more  fortunate  than  this,  neither  the  Ger- 
mansy  Spaniards,  nor  Italians,  will  derive  much  advantage  from 
the  benevolent  exertions  of  M.  Lucas. 

Th6  nomenclatural  zeal  of  M.  Haiiy  is  far  from  being  cooled. 
In  his  mineralogy  he  allowed  about  ten  of  the  old  names  of 
stony  minerals  to  remain  ;  among  others,  felspar^  which  had 
been  employed  from  time  immemorial,  was  permitted  to  figure 
away  among  the  new  words.  This  word  has  been  since  dis-> 
qarded,  and  the  word  ortkose  invented  and  substituted  in  its 
place. 

IL  The  following  are  the  new  species  admitted  by  Haiiy  into 
his  system  since  the  publication  of  his  Mineralogie : — 

1.  Sulphuric  acid.  This  acid  Was  first  observed  in  a  lake  in 
Italy  in  1776*  It  has  been  since  found  in  South  America  by 
Humboldt,  and  in  a  lake  in  Java  by  Lescl)enault  de  la  Tour. 

2.  Boracic  acid.  Found  in  different  lakes  in  the  country  of 
Sienna,  in  Italy,  in  177^-  It  exists  also  in  Thibet ;  at  least  this 
opinion  is  entertained.  The  lakes  of  that  country  yield  the 
borax  of  commerce. 

3.  Carbonic,  sulphurous,  and  muriatic  acids. 

4.  Ferruginous  carbonate  of  lime.  Found  in  Spain,  and  at 
Saltzburg.  Rome  de  Lisle  confounded  the  crystals  of  this  variety 
of  calcareous  spar  with  those  of  fluor  spar. 

5.  Red  man'ganesian  carbonate  of  lime.  It  has  a  red  colour, 
and  the  crystalline  form  of  carbonate  of  lime.  It  is  a  mixture 
of  carbonate  of  lime,  carbonate  of  manganese,  and  quartz. 

6.  Pearly  carbonate  of  lime.  This  is  the  schieferspar  of 
Werner,  and  the  argentine  of  Kirwan. 

7.  Arragonite.  Haiiy  threw  this  species  of  carbonate  of  lime 
into  his  appendix,  on  account  of  its  crystalline  form.  He  has 
since  introduced  it  into  his  system  as  a  distinct  species. 

8.  Silicious  phosphate  of  lime.  ^  This  variety  was  described 
by  Brogniart  in  his  Mineralogy,  and  seems  to  be  a  mixture  of 
phosphate  of  lime  and  quartz. 

9.  Ferruginous  sulphate  of  magnesia.  This  is  the  haarsaltz 
of  Werner.  It  occurs  in  abundance  in  the  old  coal-pits  near 
Glasgow,  from  which  alum  is  made. 

10.  Silicious  carbonate  of  magnesia.  This  is  the  native  mag- 
nesia of  Warner  discovered  by  Dr.  Mitchell. 

1 1  •  Silicious  borate  of  lime.  This  is  the  datkoliie  discovered 
atArcndal,  in  Norway,  by  Esmark,  in  1806. 

12.  Sulphate  of  soda.     Found  in  many  mineral  waters.     It 
occurs,  likewise,  in  Germany,,  crystallized,  and  in  powder. 
.    18.  Sulphate  of  ammonia.    Found  on  Mount  Vesuvius  anc( 
Mount  Etna. 


1918^      Tableau  MAhodique  iesJSspices  MmeraUs.        ^  t4S 

14.  Glauberite.  Found  in  Spain.  It  is  a  mixture  or  combi-^ 
nation  of  sulphate  of  lime  and  sulphate  of  soda. 

15.  Corundum.  Under  this  name  Haiij  at  present  compre- 
hends his  old  species  tel^ia^  corundum,  and  emery;  which 
Count  Boumon  demonstrated  to  belong  to  one  species; 

16.  Tenaceous  felspar  Under  this  name  is  described  the 
mineral  called  jade  by  Saussure,  and  saussurite  by  Karsten. 

■    17.  Apophyllite.      This  is  the  ichthyophthalmite  of  d'An-. 
diada. 

is.  Triphane.  This  is  the  spodumene  of  d'Andrada.  Both 
these  species  were  found  in  Sweden,  and  have  been  for  these 
eight  years  well  known  to  mineralogists. 

19.  Yenite.  This  is  a  very  rare  mineral  hitherto  foord'only 
in  the  Isle  of  Elba,  and  discovered  by  Lelievre  in  J  801.  As  it 
contains  more  than  half  its  weight  of  iron,  one  should  have 
expected  that  Haiiy  would  have  classed  it  raiher  with  the  iron 
ore$  than  with  the  stony  minerals.         ^ 

20.  Hyperstene.  This  is  the  minieral  formerly  known  by  the 
name  of  Labradore  hornblende,  which  Haiiy  has  lately  constir 
tuted  a  species  apart. 

21.  Paran thine.  This  is  the  scapolite  of  d'Andlrada,  well 
known  to  mineralogists  for  these  eight  years. 

22.  Lomonite.  This  mineral,  discovered  by  Ofllet  liiumont^ 
has  been  for  several  years  constituted  a  peculiar  species  by 
Werner. 

23.  Cubo-octahedral  analcime.  This  is  the  mineral  called 
sarcoUte  by  Dr.  Thompson,  of  Naples.  Haiiy  considers  it  as  a 
variety  of  his  analcime. 

24.  Finite.  This  is  the  micarelle  of  Kirwan.  It  has  been 
long  known  to  mineralogists. 

25.  The  appendix  to  the  stony  minerals  contains  the  following^ 
substances,  respecting  the  nature  of  which  Haiiy  has  not  yet 
come  to  any  determination.  Allochroite,  pure  alumina,  amian- 
thoide,  anthophyllite,  aplome,  bergmannite,  diaspore,  felspar 
apyre,  blue  felspar,  fibrolite,  gabbronite,  jade,  iolite,  cinnamon 
stone,  lazulite  of  Werner,  latialite,  lepidolite,  melilite,  natrolite, 
fatstone,  pseudosommite,  tabular  spar,  spinellare^  automolite^ 
spinthere,  talc. 

26.  The  additional  species  in  the  class  of  ores  are  not  very 
numerous.    They  are  as  follows :— - 

Carbonate  of  silver. 
Red  oxide  of  lead. 
Black  carbonate  of  lead. 
Cupriferous  carbonate  of  lead. 
Arseniferous  phosphate  of  lead* 
Native  nickel. 


m^Dcasesebrff 

Platiniferous  grey  copper  ore. 

i)ioptase  or  c6^  ^mmiA?^^^^  '^ '  ^ 

Native  ironiiiiitj  i>«»^,^:>  idt  >o  bS'soq.T*:©  lu  ^T:  v  j*  T 

Titaniferous  oxide  ot  iron. 

White  sulphir>»ft)P^rdffP^T*#is  tfie  pyiites  known 
in  this  country  by  t)»fj(ii6l0@of8co(tk«si]jp1op9nid^       liasofcbq 
a  green  colour  j^t^I^Vtii^'^hue  is  ^1  ways  of  a  very  light  yellow 
when  broken.     It  ^l^^iiiM*^  aOdis  |tibf\fpaiqc§9%nfiiprobablyr  isS 
composed  of   digf^re^it  >pridl>Gatipit,dlfflfi$^ia:qB9i]tueQts^^ 
commou  py^rhe^   ^  «•  i^^i^t/l  SI 

Phosphat(fo«l^i||QQl    ^  ( 

Aiseniate  (Kft-irpfli)    ^l. 

Carbonat^ir(j^  aUift    <iii 

Sulphured  ^,  maAgan^ei, 

Ferriferous  phosphate  of; 

Anatase. 

Oxide  of  coIlumhfw^'.''i^'     "^       ^i- 

Alkni^  /9«^.»i)icifiToOs  oxide  .of  cerium.*.,  trv^Tv-^f!')  , 

OjtidQi^f  chromium.       \  ,oi\orey/  •         •«   >  t  *    ,^ 

Il{fj  A  grpa\  .nufpbeE  of  additioiial  cn^AaU^otei'f^rins  hasbeeiil 
determined  by  Haiiy.  This  is  tjne  bi^ai«cli,^rf  miiielrikkigy.  iili' 
which  Haiiy's  great  excellcnca  coij^is^ts.  ijAll  his  remarks  oil  it,^ 
are  valuabl4i,:/fm4  entitle<l  ip  great  jlattention.  A^<h£  ic^  iiiinielfd 
printing  at  present  a  second  edition  of  his  work,  which  will 
make  its  appearance  in  a  v^ry  shorti/fiineyfmd  as  Lucas  gives  us 
no  figures,  and  incU^^d^^scribeajio  crystals  except  those  noticed f 
by  Haiiy  in  liis  Tableau  Co?nparat?Jy  it  is  M9i^.ces3ar)94n  ti^ic4\^ 
these  additions  here.  The.  number  pfffL^iG^  of  calcfir60uSi[^ 
spar  made  out  by  Jiaiiy  at  present  amount  to  ISO.  TJne  ibrtna;^ 
of  sulphate  of  barytes  are  not  much  fewer.  3.7'  ^ni,  •: 

IV.  M.  Lucas  terminates  bis  book  wii^  a^t;^le  of  the  distri« 
bution  of  rocks,  according  to  the  system  of  M.  Tondi.  U  i$ 
obviously  founded  upon  the  geognosy  ^f  ,,\5&WBler  :  from  whteh^ 
indeed,  it  differs  claefly  in  the  adoption  of  ^a^  great  variety  of 
new  words  to  accommodate  i it  to  the  present  French  fasbioii; 
and  in  the . introduction  of  9  few:  rocks  not  noticed  by  Werner*  I 
shall  endeavour  to  give  the  reader  an  idea  of  this  arrangement^ 
For  the  term  geognosy  Tondi  substitutes  the  word  oreognosy^  a 
faulty  appellation,  because  the  object  is  not  to  make  us  ac-  ^ 
quainted  with  the  structure  of  mountains,  but  with  that  of  th^ 
whole  crust  of  the  earth.  Oreogoosy  he  diyidea  into  three  • 
branches:  namely,  oreogenesey  or  the  formation  of  rpcksf| 
weotectoniqusy  or  the  structure  of  rocks }  and  Qr€oiiai!rUique,\or 
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Minerales. 


US 


Ae  distribution  of  roclcs.  With  respect  to  the  first  two-of  these 
branches,  we  have  no  detaib ;  but  a  table  is  given  of  the  distrt^ 
botioii  of  rocks.    They  are  dhnded  into  six  classes,  namely:—* 

L  Mouniains  in  Mass. 

They  are  all  composed  of  the  oldest  granite. 

*•  *     .  .    " 

II.  Motmtams  in  Beds. 


1/  Second  formation  of  gra- 
nite.  • 

2.  Whitestone.  Febparwtth 
garnet,  or  mica,  4X  cyanite, 
or  hornblende. 

8.  Gneiss. 

4.  Mica  slate. 

5.  Clay  slate. 

6.  Topaz  rock. 

7.  Primitive  calcai'eoos  spar. 


8.^  Dtfiotoite. 
9.  Flinty  slate. 

10.  Serpentine. 

11.  Greenstone. 

,12.  Magnetic  ironstone. 

13.  Iron  glance. 

14.  Cjranite. 

15.  Porphyry. 

16.  Amygdaloid. 


1«  Greywacke. 
2.  Transition  limestone. 
i*'  Transition  greenstone. 
4»  Transitiott  amygdaknd; 
5.  Transition  flinty  slate. 
§•  KU>bon  jasper. 


III.  Transition  Rocks. 

7.  Red  iron  ore. 

8.  Transition  sienite. 

9.  Transition     felspar 
phyry. 

10.  Transition  granite. 

11.  Transition  sandstone. 


por- 


1.  Conglomerate. 

2.  Old  red  sandstone. 
8.  Bituminous  marl>slate. 

4.  Indurated  marl. 

5.  Compact  limestone. 

6.  Second     compact    lime- 
stone. 

7.  Amygdaloidal  limestone. 

8.  Foliated  gypsum. 

9.  Common  salt. 
10.  Second  sandstone. 
11.' Fibrous  gypsum. 
12.  Third  limestone. 
IS.  Calamine. 

14.  Fourth  limestone. 

15.  Third  gypsum,  or  plaster 
of  Paris. 

t6.  Third  sandstone* 
17.  Chalk. 

Vol..  n.  N<»  II 


IV.  iRoete  Rocks. 

18.  Geanthrace,  or  glancecoal. 

19.  Phytanthrace,     or    black 
coal. 

20.  Zoo-phytantlirace,         or 
black  ooA. 

21.  Friable  sandstone. 

22.  Alum  slate. 

23.  Slate  clay. 

24.  Bituminous  shale. 

25.  Cinnabar. 

26.  Jasper  form  clay  ironstone. 

27.  Clay  ironstone. 

28.  Common  clay. 

29.  Claystone. 

30.  Clay  porphyry. 

31.  Hornstone. 

32.  Lithomarge. 

33.  Marl. 

34.  Compact  limestone. 

K 


»«• 


,  ^;^^,'lfM!:z 


I^^'; 


S5,Trip9lt 

Sd.  Bwali.  :   ;.,  .. 

37.  (Sreenstqn*; " 

**                      y      "' '  i '■ 

SB.  Clfty  i?»iTbyryV  ' 
39.  Wfiikft         ■  ,; 

,;..'■,:. 

40.  Grfea  earth.  , 

**v'-    ..-.. 

41.  Yellow ■eartli.-  ■'■ 

SiilSt'-'- 

42.  Greystone.    -:^.:. 

43.  Phonolite,  or  clii 

:lay  ironstoQe. 

44.  Amygdaloid. 

of  iron. 

45.  Trap  tnfF. 

1. 

46.  PitchlsQiie.    ,  ,._„ 

-.    .,.,^     <.-,--.;  ;j;,<;  :;i;r-.Si>= 

V^^6-unl<mi'%/'?flhdim.  ■ 

1.  Sand. 

t-V=5   a    Ti^Clcfuff. 
,.    yl^   4...Mqnil«0(|.    .    :,.      ;. 

2.  Clay. ,    _. 

■    ■■■'-■'■'vi. 

F'HeuAic^Moaitiaita.    '     ' 

'■  ■ .  ■     """  * 

Pseudq-vrfcanos,   ".    , 

1.  Scorn*, 

,  6.                   &c< 

2.  Porcelain  jfttpef. 

■  7-                r. 

3.  PoIIslihigslaW. 

8. 

;4.-ClHy  ironstone. 

9.         teC    : ;   '■ 

5.  Native  steel. 

10.                >f  ainiuDii'uL' 

••:Vok.iio..,      ,, 

I.  Suhtanees^  thrown  out  wudtefid.- 

1.  Augite. 

6.  Sonjmtte. 

.2,  Garnet. 

7.  Dolomite. 

3.  Vt^suvian. 

,  S.  Mira. 

4.  Meionlte. 

».  Metiorfcjroii..  ''/'/  ; 

5.  Leucitc. 

■    .  ,  10.  witerV;.  ■';■;.  ,  ; 

H 

Sublanca  Mehid.  -- 

1.  Lava. 

1  3."M<jii;    ■      '  ■  '■  ■■' 

2.  Volcanic  tiiff. 

in. 

Salsttnas  SuUioMl.                       '. 

1.  Common  salt.    '' 

II    6.  Moriate  of  soDoer.' 

2.  Sulphate  oF  aram«nia.        ||     7.  Whrre '(Jilde  orare^il*. 

S.  Sal  ammoniac. 

■         8.  Bealgaf.  ^   ' 
«    9.  SulpHii*."'  ■  ■"         ■       ' 

■4.  Iron  glance. 

5.  Red  muriate  of  iron. 

■ 

Notwithstanding  the  great  lengtli  of  this  Ifet,  I  htfV(?  omitted 
all  the  subordinate  formations,  which  are  very  numerous.  "Hie 
gieaX  mistake  into  wEichTondi.afipeitrs.to  hsve.&i]lea  ib  the 


precedinff  classif 
Importance,  tbo! 
constituting  rocli 
thoK  substances 
throu^^h  the  first 
practical  swgP^ 


Sc&nfEjib  ifeifi^in^. 


her,  udf  equal 
^t  abundancef 
lie  extent,  vti.h 
intiti^  scattered 
ucti  value  to  the 
vli}  attended  to. 


SCItiNTtnc   IMTSLLlGENCfi;   AND   NonCK3  OV  SDSJBCTS 
CONMSCTED  WltU  BC1E<^£. 

■'  1.  Gattanli  Battery. 
On  Saturday,  the  2d  of  July,  J;  G.  Childwh,  Esq.  put  in  action 
thi;  greatest  galvanic  battery  that.has  ever  l>een  constructed.  It 
coD^iisted  of  20  pair  of  coppu  and  zinc  p|ates,  each  plitte  6  feet 
ia  length,  'i  feet  8  inches  jh  bi'ea'dtn  Each  pair  was  fixed 
together  at  the  top  hy  "pieces  of  lead  cut  into  ribbons.  '  A  sepa- 
rate wooden  cell  was  constructed  for  eaL-h  paif.  I^hc  plates  were 
suspended  from  a  Wo^xfeti  beajn  ^\eA  at  the  ceiling,  ^lid  were  so 
bung  by  (neatiS  of  t'buriteEpoisesjithat  they  could  be  easily  raised  . 
or  let  dow?i  iritcJ  this' cells;  The  .peyi  were  filled  with  water, 
contaiaing  a  niUture  of  sulphunc'and  liitric  acids.  At  fir^t  the 
acids  amounted  tt^'^T^t^U  Pf  'I^  Wfiter ;  htit  Bwr^  Was  gradually 
added  till  it  amounted  tothe.^Oth-  Leaden  pipes  were  attached 
to  the  two  extrcimties  yf  the,  battery,  and  conveyed  the  electri-^ 
city  out  of  doors  to  an  t^cjpininje  shade,  where  the  experiments 
Were  made.  The  po^ervof  thjs  battery  was  very  great ;  thoiigh 
1 UD  not  certain  whiter  .it  incrmsed  in  proportion  to  the  sizeoC 
the  plates.  It  ignitedaliout  6  Feet  in  length  of  thick  platinum 
iHre.  The  heat  prodobed  tvn^  very  intense.  It  melted  platinum 
with  great  &cility.  Iridium  was  likewise  melted  into  a  globule, 
and  proved  to  be  a  brittle  metal.  The  ore  of  iridium  and 
osmium  was  likewise  melted,  but  not  so  completely.  Charcoal 
was  kept  in  a  white  beat  ifi  chlorine  gas,,  and  in  phosgene  gas ;  hut 
no  change .tpok  place  ip  either  of  these  gases.  Neitlier  tuTigslea 
Dor  jtrabium  underwent  any  change.  A  veiy  singular  fuel  was 
pointed  out  by  the  sagacity  of  Cr.  VVollaston,  and  succeeded 
upon  trial.  A  greater  iengtb  of  thick  platinum  wire  was  ignited 
than  of  platinum  wire  of  a  much  smaller  size.  This  Dr.  Wol- 
laston  had  previously  ascertained  in  his  own  minute  galvanic 
iwiteri^  cxmsisting  of  a  single  pair  of  smaU  plates. 

ir.  Valatiliiy  of.  Cerhm. 
The  volatUity  i^  tbii  metal,  wtdch   had  \>uu  "{ittnvnAJt 
Z  2 


X4S  Sciaitjfic.  bletligefifit.  C4tnp. 

Infnwd'&Dm  the^periiDjni<'i  of  Vvu^lip^ 
jn  Mr.  Children's  UbontDry  at  TonBndge.  A 
<tf  cerhim  h^i  b££a  proved  in  order  .to  o^te 
of  the  metal.  ThiS;  oxalate  ma  e^ppaei.vfs. 
witUn  a  tobacco-pipe ^outh  tP  tlt^Btron^t 
laised.  ja  a,  &>fge. '  Jo  d)Ia  tieot  tb?  cenurp 
completeljr  that  not  the  lesit  trace  of  it  remkiucu.  , 

HI.  Actiim  of' the  jugate  on  Ughi. 
Dr.  Brewitier  hw  mNr>'«(abHshfldi' b^TDuiaenns  experimeota, 
tliat  the  nebutous  light  of  the  agate  has  the  same  r^tto*  to  the 
bri^fiini^ a»ltlie  fe«6itwMia«nW VaWaftttthiMge &m  Id  tbti  or- 
dinarily reveled  Intitge  rsfkil  doubly  WfrMti^  crystals.  There 
is  still,  however, 'oe  appepBoHaiC-liB  sebulous  light  being 
produced  by'a  higher  reMetlre^|i(nt#t<'*tMn  the  brigbt  iowcie. 
ATI  xbe  pmiHibiMi^  pdtaflkadM^Mi  JMo^ieed  when  the  pl^ 
of  a^te  is  less  than  the-rinrl'i  ^^  anioocW}  uid  tbe  Debelovi 
^t,  irhcK'IifrltieM&tiidffeM  mi^*»  be  icnved  by  (kpolarsa- 
t^  WrtK  nilfct^'^3nv>^  itlW«t  Skt  <mt,ot  the  images  formed 
by  double "i-eMif^Sii''  'mk^Aentvi  appieanoees  ia  tbe  i^te,  to 
Whicb  uUn^llKtfisia^tiavfegivMhttttf-iniaBOf  iridescence,  iunush 
a  siries  of  ^Rif%Mt  ni^^r  i«s^  «iUng,  ^marontly,  fnm 
fhe  Diechaiilcat  liriKitUI^  itf  {^ferent'buqaiw^  and  Kcm  to  o^ 
iip  a  neir  fields  ^'ydkal  ofAi^s.'.'  He  ii  it  pRsetit  examining 
VaHous  i^MldifieDi^'fi)  oifler  fo'give  a  greater  d^tee  of  geoentli^ 
to  the  Kiufa  pttAoas'lS  hfyinglbOm  befiiice  the  public.' 

IV-'lhrnsitinn  Rocktm  V^kshire.'^   ■ 

I  have  receired  the  followiog  letter,  which  I  lay  before  tlie 
public;  because  1  bonsido*  exery  &ct  that  adds  to  our  Icnowledge 
of  the  mineralogical  structure-oi  Great  Britala  as  interests^.  I 
liaTe  myself  seen  nioit«f  the  plw^  referred  to  in  the  tetter,  bat 
had  no  opportunity  of  detcrmiding  the  structure  of  them  with 
any  thing  like  accuracy;  Dor  was  I  aware  that  any  traosltioa 
formations  occurred  upon  the  east  coan  df  Vot^ire. 

BIR,  ■'■.'' ■■    '    ' 

■■-  In  the  Jands  of  Phifv^^tri^^^-  i^tide  U.  **  On 
Transition  Rocks,"  the  mt1fr  menfibjjijfeat'ht  *  knows  of  bo 
transition  rocks  to  the  east  of ^^^'Ifipe  exteitfdlni^almost  due  south 

from  Berwick  to  tbe  English  Cfeafther." 

Knowing  from  *  *  *  *,  and  others,  that  you  have,  visited 
Yorkshire,  and  gjveit  f|9S^cu^-a)|teDti(>B  to  the  geolqgy  of  the 
county,  I  presume  tby^  joy,  a^it  wejllpao^uainted  with  tin:  under 
stratum  of  the^Wf^rj^'ft^jl^.'^^^'thtU  the  lines  I  Imre 
quoted  have  escaped  .your  ot»ervatioR^  m  wouLi.JtaTe  been 


■anstHcm  luDCitQse 

I-  of  *fiich  FJanii.- 
sWmfe-Blrow  the 
■as  the  cliff  from 
re  tweif  iiaic  for' 
at  Sj%d<i»'  appear! 
to  the  eye  at  leaet  400  feet  p«rpei)diciilar,  and  is  one  entire  bed' 
of  the  same  Stobfl,' b6t  intei^cted  by  any  teihs  frhhtcver,  and 


F1diibfiy.Heqd(ratid^i!SAy:%i^ge;,fVe  t)»e  .ta;d.;iiu>iit  easterly 

""    "Acb^  g«nsi*Hf\*iBedf1lByBi^    l>s»|ri  Flwabro' 

[j^>eotDT'thciiMtdjcl)i&.^;^{<ki,apj«ar  for  tite  last 


Hvad  M^t^>eotDT'tlMiiMtdjcl)i&.^;^{<ki,apj«ar  for  tite  last 
tiiMriii  tiiliag tBrthe lAirthjA^d^t E1^-&i()^;tbe  dark' colour 


of  kheili4jDrstoiK'dbtna)>(4^;<jiMf^;09li^iiVfs  ^.tbe  nwtf 
nortkWy  pbmtirf  Bdt^,- •  ■■:   _->'_ 

■  -dHliijqBTnigahBBbcert  tonatAhf  ftkeJOoe^o  gra^jfijall/  washing 
off  BD^impcHC  lied -.(lOO  fytt  tbiie}iii,  ^  ,aKilbcpqBf,efrtn.froU 
dirvei^yiUuBi  irhiebdipft  i9rB:il!(fudic^f  diKetipji'^iBnl  jb  the 
Ug^idk  mR-BDot&iiqB-^W'A^  *>>  4Q,fwt«hi»^.Jji^mttei 
mm.  :.7%i94me.lcaKB  firv -«r^laeeous  sutd^oe;  it  is  in 
higbbloeksyContaiBiog  shelly  and  interacted  by  grey  lim^tone 
In  thm- atiHtat  from  ^  u.tS  ii>c))e^  <:Di>^ainff  also  various 
ibdh^v  paiticulnly  the  larg?  0!Mrea,  aod  dipfunff  at  the  same 
angle,  snd'iB  the  same directioit;  theap^e«bout  15  degrees. 

Should  these  observatigns  recal  to  your  memory  the  minutes 
TOu  would  of  course  make  in  your  geological  view  of  t}ie  East 
tedifig.of  Yorksliirfj  perhaps  you  will  favour  the  oounty  with  a 
publicatiqn  of  the(n,  at  some  convenient  opportunity,  in  the 

Anwili  of'  Pkilosopk}/.  This,  1  hiii  sure,  will  oblige  your  York- 
'fbiA  frieilds;  ^dpafticuJarlf^  Sir, 

.   Tour  njost  obedient  servant. 

My  7,  isis;  I-  W-  M.  ■ 

t>  ih-.  nonwn,  >f.J>.  l(t.  Ifc, 

V.  StTUCtitre  of  Ike  Cute. 

The  followiof  letter  deserves  to  be  laid  before  the  public, 

because  it  forms  ^hat  I  coniidei'  as  a  valuable  addition  to  Dr. 

Wollastoo's  ihgenions  etplaoation  of  the  structure  of  cryst^ 

from  spherical  particles  of  matt*?. 

BIR,  - 

Dr.  WoUaston,  in  the  Bsikerian  Lecttire  published  in  the  Phi- 
losophical Transaction^  shows  rery  iageniously  in  what  manner 
the  regular  tetrahedron  apd  octiMtOB  BWy  be  formed  pf  ^be- 
lidO  paiticlct. 
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-''  In  addition  to  tliei^fcs  there  i^tated,  I  iliptildwiiib^apmeiil^ 
tWe  Gendemen,  wK6  have  tariied  their  attention  to  the  simple 
and  beauuftil  theory  of  s|Ai^rical  panicles,  with  a  cube  to  he 
extracted  from  a  tetrahedron,  simitar  to  thi^t  deflcriUed  in  the 
Lecturey  capahle  of  being  held  together,  by  the  most  simple 
jpdwer  of  aitfaeticmy  Hnd  possessing  four  pair  of  poles,  wluch, 
jpossiibly  may  ^account  for  the  pbenom^mi  dbcoverabJe  in  the 
boracit^-       - 

' '  If  from.  a.  tetrahedron  consi^fing  of  seren  layers  a.tetahedrou 
5>e  tak^n  from  each  solid  angle  of  three  layefs  deep,  then  will 
Tcmain  an  cctahedr6ti  having  four  spheres  in  each  edge,  and  a 
'single  one  ^ti  the  centre  of  each  face^  which  is  the  corner  of  a 
cube  cbntaihedvln -^tJJe  6ct«fhddrbn  ^- and  should  five  spheres  be. 
Removed  froha  eaab~^ Solid  arf^^^yf  the  octahedron,*  a  cube  w9l 
remain,  construcfted  cxiictly '\ipbti  the  aame  principle  with  xhe 
tetrahedron  and  d(*tah4dren.      *'  '- 

1  he  easiest  way  to  make  this  eiihe  is  to  tdce  a  tetrahedron 
consisting  of  ten  spheres,  antt  places  one  sphere  on  the  centre  of 
each  t'ff^fWlricH^  will  product  ea^iHly  the  8^  .    '■ 

Should.  A  on  think  the  alx)ve  account  of  suiHcient  importance, 
your  inse)!tlonof  it  in  the  Annals  of-Fkilosophyy/iil  great  oblige^ 

Sir,  your  most  obedient  servam, 

N.  I.  Larkin. 


Article  XV. 

Proce^ings  of  Philosophical  Societies* 

ROVAX.    SOCUBTY. 

On  Thursday  the  1st  of  July  a  paper  by  Sir  Humpfa?y  Davy 
was  read,  containing  fiirther  oli^rvations  on  the  new  detonating 
compound  of  chlorine  and  azote.  After  recovering  from  the 
accident  which  happened  to  him  during  his  original  experinients 
On  tliii>  substance,  Sir  Humphry  made  a  variety  of  experimenta 
to  determine  its  properties  and  composition.  Its  specific  gravity 
is  1-623.  When  in  contact  with  water,  it  congeals  at  about 
40^;  but  this  does  not  happen  when  it  is  kept  separate  froqi 
water.  It  detonates  in  nitric  acid,  and  in  ammonia ;  gives  out 
azote  in  muriatic  acid,  and  is  likewise  decomposed  in  sulphuric 
aicid.  Attempts  were  made  to  decompose  it  in  exhausted  gluss 
A-essels  in  tlie  state  of  vapour;  but  they  were  unsuccessful,'    In 

«  The  irrooTal  o/  th«*  solid  angles  of  the  octahedroB  is  only  for  the  pnrpo&a 
of  d^monstraiion,  and  is  hy  oo  peans  ii  tended  to  convey  an  idea  tbat  any 
ratura)  crystal  of  this  8l\iipe  i»  inettinc^  to  i>p)k  in  Hiat  dtrectioD,  the  ijBi|M»«H 
luility  of  which  ha$  been  ably  proved  by  Dr.  WoUastoo.  >  i 

"l      ■     ■  • 


laid  not  happen,  'the  proportion  of  .^hioriQe  and  azote  evolVed* 
could  not  lAi  detern)i9)S(|,  k^  9«c9uatj9t'4h^4}nkjQoWa.proportioa' 
cif  atmospheric^  aiy:.th»t  ir^tf^^in^dr^aj.4yiia!^.vess^^^  Wheri-tBc 
dejloiuiting,^onjpound:J3,^rougl^;iia,i^50^  With  roercury,\ 
.^hiie  powder  is.  formed,  aua  azotic  ig^  ,<fe^»g«ged.  lu  .piie 
^l^perimeiit  n^^dejcpna^foijatpofe;  place/  whicli  obliged  hiih  to  work 
upon  smaller  quantities.  The  white  powder  was  found  io  be  tt 
mixture  of  cakpqel  yind  ^gi^^jjg.  ^^h>Jiloate.f  and^itsublimSl 
.entirely,  wUboijttbetriisEiF^gpgif/iu^w,. pt,?§y  gi^  -indicating^t^ 
absence  both  of  hydroji^ep  aii4  Pl^yKC9«  Muriatic^acid  does  not 
destroy  the  eolour  (rfi;!»oluti9j;i,ojE^M^digo^in^^^  Jbiiet 

if  it  be  impregnated  JW^b  .cblqiiij^Jt  jjestroys..^  determinate 
.quantity  of  4he  bt^  geJQiK-^aq^Dr^ng  tptj&q, proportion  of  cbki- 
nne  pre^ui,.  /JF/i%ii^«i..thi|ig  )i%>^  whjw  .the  detonatiji]^ 
compoutid  is  dissolved  in  muriatic  aci4<>  ,Xhi«  fvirqished  anietbpd  ' 
for  .dfiterinmi4;)j^  t];vs  .prppo^tion  ^of. chlorine  contained  in  the 
detonatjng  compouBdr.-  ■  Th§.  resist  pf  ^^i\  tliese  metbp^  of 

analysis  is, ;lhat  tl^.4etpn9ti^g:<(P09lpo]^^(^  ^ipqinpo^ed of 

■'■    .    ,  *    ■ 

vmorme  ,••••■•  ••.«••■  ^  *  ••  90  »%*%•!,•%  ^«^l 
■■     Azote  ■••'  ■- '    -■    ■    ■  ''^"^   "''    ■■•'■-   "''■'■'    XT-     '-    -■ 


100 


reckoning  by  wi^ht;'W'If  we  recEori^^^^ 

■  r 

Chlorine 400 

A2otic  gas . . '. .  >.  .TTr.; :  .r; 100 


-^■-'-:r  •■  -.   •••    ;-.^v:.:\'.  500 


Sir  H.  Davy  proposes  to  eall  this  detonating  compound 
.   we&tam^\  ■    "^  •.  \  .:--..,  ^  v  ..' ■  •    •■:■■    .""'■:' 

At  the  same  meeting  were.jead.sonle  observations  on  anew 
'  comet,  observed  hy  Capt.  Hill,  in  the  Bon.  East  India  Com* 

poo/s^  service. 
^.       On  Thursday  the  8th  oif  July  the  foUowiog  papers  were  read : 

1.  A  catalogue  of  the  positions  of  ,a  number  of  circumpolar 
:   stars  by  the  Astronon^er  iCoyal,  Mr.  Pond. 

2.  Au  analysis  of  a  sub^ance  tl^rown  out  of  Mount  Vesuvius, 
by  James  SmithsonV'  J^q-  .  This  6ui)stance  had  been  sent  to  Mr. 
SmithsoQ  when  :in  Italy  in  US'^i  in  order  to- determine , its 
■nature  ;  and  he  ascertained,' by  a  number  of  trials^  that  it  con- 
sisted i:biefly  of  sulphate  of  potash.  Tbi*  r^ult  was  published  soon 
after  in  an  Italian  Journal,  but  no  subsequent  notice  was  taken  of 
it  liy  ihincnIlogiQts.  Mr.  Stnhhsf>D  wafc  induced  to  examine  it 
'with  Triore  a66titev;  litielyJ  kad  the  result  of  his  experiments  is, 

tnat  It  consists  o{  sulpbate  of ^gotasp,  .sulphate  of  s^    sulphate  of 
ammonia,  muriate  \^  ammonia,  muYiate  of  copper,  and  muriate 
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of  iroOf -with^BQme  eardfnatCer.  Mrw.SmiAioii,  by  WBJ  et 
iotrodaction  to  his  peqperi  gmfhajview'of  Jiit  ci|BbiDBi  abomt^hfi 
oagia  of  the /earth. .  !■  bUioplniuii,  itiva&appnallym  iud^  wm 
ecmiet^  iaiid  was  broB^tter  tbe  staterm'twhhsh  it  is  at  present  by^ 
QoderfoiDff  combiutioii  it  tbeiBiBfaoe«od  Xhe?yoU)Koo^  are  tto 
KUaoftKi.  original  coMum^,  ^  the  JiAtriaktwen,  tkk 
metallic  basear  of  .the  eartbjr  afubrtawfeairf  whichithe  primitiw 
Strata  are  composed.  As  a  proof  that  these  priimc}ve  Itratf  haVa 
been  formed  by  eombiistioo,.her»entiobs  idib|[:gan]ets,  born* 
blende,  and  other  crystals  found^islthcm^  ictxy&itkvao  walier,  an^ 
that  little  or  no  water  is  ta.be;  Jioundj  kit  the  pdtnitive  straiii 
diemselves.  -;  Ji  '>  .-.'  ■-.    ::■.■•.■>■.,';    -..l   ..    ■•;  ;.:■:  .o 

8.  Observations  by  Dr^Marcet  omtbe  cold  produced  bjrthtf 
evaporation  of  sulphur^  ofiekrbon*  .Thia  lii][Uid  evaporates  moPQi 
rapidly  than  any  other,  and  pioduqea  in.  consequence,  a  ::greater 
degree  of  cold.  A  spirit  of  wine  thermometer,  having-iis  biife 
surrounded  whb  cotton . cloth  :or  linty  Uijiipped  mto  sulpbiiirel 
of  carbon,  and  suspended  in  the  air,  sinks  from  60^  to  0.  If  H 
be  put  into  the  receiver  of  an  air-punip^  tmd  a  moderate  ea« 
haustion  be  made,  it:  sinks. from  '60°  ,toli^/6l^  (1  Imveiseen 
it  myself  in  these  cinrumstances.  sink  vfiEoiBi>7^  1o^  ^  7^* 
If  a  tube  containing  meT^uiy  be  treated  m^fae-same  wa^' the 
mercury  may  be  readily  frozen^  eveiD  in  stinAnec.  The  dner  the 
air  in  the  receiver  is,  the  more -easily  is:lhe,-€oUifiroduced.  Hencf 
the  presence  of  sulphuric-  acid  may  be  .of  aoone  KttIa^l»vica  ib 
removing  the  vapour  from  tim  aif!  Sa  die  raceiier  pRhrions  to 
exhaustion;  otherwise  it  occasions Jiainerea^e o£ the  col^  .u  ; 

4.  Observations  on.  the  composiiion  of.fluQitiSpaiv.  ancl  on  iti 
acid  basis^  by  Sir  Humphry  Davy.  The  author  begins  Ua  papUr 
with  an  historical  detailof  the  attempts,  onade* by. bHliael^iaiii 
Gay-Lussac  and  Thenard^;  to  dedoitipos!^::flncii|^e.iaMi^«in(t*th^ 
ill  success  of  these  attempts.  It  appears  from  the  compounds 
into  whicli  fluoric  acid  enters,^ that  t!i^  weight  of  an  integrant 
particle  of  it  does  not  exceed  4  *i)5^  supposing  an  atom  of  oxygen 
to  weigh  1.  Hence  it  follows  that  If  it ;}s  a  compound  of  oxygen 
and  an  inflammable  basc^  the  bdse  ci^  only  have  the  20th  part 
of  the  weight  of  the  oxygen,  *  This  Opposition  he  considers  as 
unlikely  to  be  correct.  He  tlierefbre  Apposes  that  fluoric  acid, 
like  muriatic  acid,  is  a  conipauhdrpf  hj^drogen  and  an  unknown 
supporter  of  combustion,  ^^wbic^^lh^!^^  the  name  of  fluo- 
rine. He  relates  many  expenmebts  Inade  in  order  to  obtaia 
fluorine  in  a  separate  state,  but  none  of  them  were  attended  with 
succes(3^  '  As  chtoricieyh^^  I  the  ;rpr(|^rty,]  of :  lSii^c|^fn^iQg(  tsem^ 
oxides,  and  driving:  i)fi*  jtj^eir!  0%jgimi.  jt  ocQUfiifcd  .t^  bifO-^il 
likelyjtbat  itmigUt  l(i  t^itain.caaes  drive.t^ff  SiuMine,  '  Fluate  0t 
0vtjt  anddduat^  of  mercury,  witb'tbi^  vhw,  jjperetiicted  upctP  bjl 
pUorin^.  ThecfiiUaric  add  {or  fluorine)  ^^<i^^S^^>^^ 
WAJ^licbr  andiMrrosivc  spbIJH!|A(e^f(viWft' j^^       fluQ^tfe 
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48|t  finv;  7  Wbeiir!dwi0iq»^mei]<»«Kre[rirad£  ifigfa^ 
glass  was  ccxnrode^  and  «licaiedft»rip  ini^.gas  bbtaiMd^.Whetf' 
ibqr  were  made  iq  {datinuBi  .Tessdu>dKi  ■detali.'kifi  centtded^  ftf^ 
^red  oe  thrown  poWddpwfiHiiiedv  :>lb  wdiitt|8esifa  irott  tfa^  tiiidi 
aaade  that  jBtioriae  hais  so.wlsiit^tetiM^on'aUo^cr^^ 
Aati  itis-ve^jr  difficuhfi  if  not  iiH|DiaBMli^'jtAnofagbdQ  ittn  a  m^ 
sate  ftate.^  Ths  wa^i  jsoaaam  t6  oootiiUietbtttubjeet^ifl  M- 
auhsequent  paper.  i .  ^--'■^  "'     i    .  ♦  .  ^ai't/.o  ■    .  -.^'-tf 

.  5;  Apaperby  Mr/ Aloumon  the' inetlukl^^of  freeing  eq 
irDm  stu^  tfaoagh  the  jdocs  be  prelfty  hlg^  io  their  dt»Qi»ioM< 
EViom  thenatdrie  of  this  papcf  it  could  ootbe  leadatifiitl  teftagtl/y 
so  that  it  is  not  possible  to  give  any  idea  of  the  method  efif^ 
ploy^  by  the  author;  cUriitr(he^jae£eMe(i  to  ^;a  metbod'^prlelVioUsIy 
^ren  in  the  Irish  Trdnmctiona  by  Ml*.  Monej;  which  ibe  eoo^ 
sidorr  i|s  general^  aaid  wUch^iohak^y  constitutes  the  foUudatieii 
flf:tiis.ow£u    •  .    -v;       jh-.  ■[ 

1  The  Sooie^  a^oahied  till  the  4th  of  November  nexti. 

..>■;   •.:?-■:*:;■...■:      I    i-GKOhOGlCA^  SOCIETY*    ...  '       .    .  Itii  ir.   i  : 

.1  Pii:3the  2A  o€  ^piil  part  of  ff  paper  by  Mr.  John  Rirlif,'  s«i;^ 
o|Ptl|e^^sbov^  demdation'  in  the  county  of  Derby  Was  PtniS 
nis'i^tft  of  the  paper  is  aol  susceptible  of  |ibrii%inent} 
Ti  iO&  the  rtSSd  of  April  a  notice  by  the  Rev.  3.  J^  Con^beare, 
seladtt  to  Ibe  dyti!  ofo l^nta^v  in  Cornwall,  was  read.'  Tliis 
4atft.woidd!ap|)eartD'ibei'tiran6ttioh^'0late.  It  answers  well  for 
XDofiog  sfaote^  iMid  iatratttrsed  by  veins  coiitainiqg  quartz^  calcar' 
reous  s^r^  cUcaite^  andiadulapa^ 

r.Mr«  Earey^V  paper  dtilthe  Ashover  denudation  was  concluded. 
IBw  Btifiicturp  of  Serbyshire,  according  to  Mr.  Farey,  consists 
tf .alteraate/fornoraiticn  limestone  aild  toad^one^  m  the  fol- 
Mriflig'or^BiV^be^niiinf  with' the  lowest.:— 

♦.-J :-.  .'  -      ,  linestone^ 

^V  vv->  .  .   ^        Tp^dstone, 

"^'^       •  lAmestone* 

"^  '    -'  Toadstone.       . 

.    /      _  ^   .  LimfiRtone^.. , ,. 

.Toa^toQcv, 
,     IJrnesjtooe^ 
.     .      .  Xaai^t(\ae  shale,, 

'  0»  the  ytb  t^  May  part  tifW'pflper,  by  f>f.  Maeeuiloch,  on* 
Mie  geolo^  of  certain  part«J06  SocxhiAd/  wair  read.  IHie  prktv 
ttpai-Bnd  tundaiaentat  voek  ifhf4h^i|lafn#ttf  Jura  is  a  rock  called^ 
by  some  granular  qoartz^  by  rftben$  jrAtdaSf  and  by  aU  coo^defedt 
iftia  primitive  roclff  bni  Dr.  MhctriAl(k)b  <c($iii8ideb  it!  is  a  aaeolbia^ 


A"  ■  ■•  •■.<     •;'...        ■'-      '.r^.    :•    O"^:.'. 
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rocks,  and  theVf*fofc'  hdt  gfitilteT:;!*  *»  nrim^V^f  jirirhltive. 
According  to  Prbfcfeorjalfii^dn.-^is  r<fefe'rfee6'  frdrt'beldw  the 
inica  slate'.  Henfee  ft  fen6w8?Vic<n'aiHg  fd-^Dh  WaccuUoch, 
fUher  that  the  hifca  skSe  u*  i^ot]^iS*b1fav«,'<)f  Aat  the  prim'ithe 
^enottbe^dest-td^lcs.--'-'--  ^*^    -■    ".J^t-     -       ^  • 

Rona-consistschi^-bf  WgkSJofg^^^^  The 

gneiss  b  iiiravers^^  inimfefdafe  V^ii&^^f  '^aptiic'granite. 

The  district  of  Ateyrtt,  -forittihg  the  western  pftrt  of  Suther- 
land, ebn&ins  mba'nH^ns  cbmposed'of  the  s&me  granular  quartz 
8iS  occtirs  in  Jiira^  afetf  tltetefore,  accordrftg  to-Di»:'Mac'c\inoch, 
•  meclahlcal  d^posife:-' "^AsSbciateiE^^tth  this  ro<^k;  occur  cbiii- 
pact  gneiss,  Hbrnblendij^ljife,  findsieoltfc^grSnite;  There  occur* 
also  a  great  d^sRe^'of  Ihtiestdhe",' whfch  appfears  to  alternate 
^itji  the  same  robk.  R  H  Hi-tw^very  thick  beds,  with  the  gra- 
sular  quartz  interposed.":  TWS'^lfttte^oiie  is  d^rk  grey,  or  nearly 
black,  of  an- earthy  aspect,- ftrid  miniite  granular  texture,  and 
5niells  offensive  wfieiv  tubbed.  -'■' ' 

Oa  the  ^Ist  of  Mfey  the  respt  of  Dr.  Macculloch's  paper  on 
the  geology  of  different  parts  6f  Scdtland  was  concluded.  The 
granular  quaf!? -of  Ishk^  according  td  Dr.  Macculloch,  is  a  me- 
chanical deposhe  like  that  of  Jiira. '  tt  aitemates  with  mic4 
slate  and  clay  shtte,  and  with  a  veky  imjMjrtant  formation  of 
limestone.. 

Schehallien,  ae^rding  to^Dr.  MacciiUochy  consists  of  a  cen- 
tral ridge  of  granular  quarts,  which  he  considers  ad  a  sandstone, 
flanked  on  every  side  by  beds  of  mica  slate  nearly  vertical,  and 
containing  subordinate  beds  of  liqie stone. 

ITie  vicinity  of  Crinah  is  remarkable  fot  containing  nearly 
vertical  beds  of  grey-wacke  and  grey-wacke  slate. 

The  rocks  bounding  the  valley  of  Aberfoyle  towards  Ben  Letii 

consist  of  alternations  of  grey-wackc  and  grey-wacke  slate,  with 

'  clay  slate ;  then  comes  a  fine  roofing  slate,  approaching  in  parts 

to  mica  slate,  but  consisting  of  grains  cemented  by  mica  slate. 

Beyond  this,  mica  slate  makes  its  appearance. 

A  paper  by  the  Rev.  William  Gregor  was  also  read,  containing 
observations  on  a  species  of  tremolite  found  in  Cornwall.  It 
occurs  in  a  dark  green  serpentine  rock  forming  the  ridge  called 
Clickertor,  in  the  neighbourhood  of  Liskeard.  It  was  cotld- 
posed  of 

Silica .....,,.: . :  • ;..,.. ...  62-2 

Lime ; 141 

Magnesia , , .  139  ^ 

.  Oxide  of  iron  .....*........ ... . ', .  S*9         "     , 

.:       -  ....Mangane^.a^d  soda  .Vj... .. . . ,'. . .  Trace 

.      ibo-a; 


i-  On  the  4tK<)f  June  %^pef;«Q  tW  I§l€  of  Man^-by  J^  E. 
;$!«rgfr^  M>P.  .1)^.  rea^   ^The  ii^Dglh  gf  ^t^'^tde  of  Man  from 
^»E,  to  S.  Wyei^ceed^  SO  ^ilesy.904'it«  breadth  varies  fix> 
4P  >$  /ipileii    About >  infiUcpj^oiQ  th& joci^b  e nd  a  mountaitioua 
tract  begins,  runs  parallel  to^  the  eastern  Qpast»^  and  fords  the 
iUff^W  islarod  at  the^^outhejadrof  'tjhia  grei^r^  called,  the  Calf  of 
Man.    T\\u  belt  is  divided  by  three  transverse  valli^ :  two  ia 
ihe  ^i>gef  inland}  9Q4r|he  third  forming  tbe;:^tTait  tbat  separated 
the  one  island  froaithe  other  1  The  hi^b^  mountains  are  in  the 
.fK>rrherni  division;  aaii  $neifeldt^  tJif:  t^ost  elevated,:  is^^OQQ 
-feetr^above  the  level  (^-  the^seiu  The  npoksof  wbicb  tliis  couutir/ 
Js  ^nppsed  belong  chiefly  toh.  the  Jransitian  class  of  .Wemeiu 
/.^iQall^grajned  grarute  oocurs  Jn*  oi^:<>r  .twoplaees,  jind?at7Qii 
.elevation  of  no^  inofe  tfiai^  3  or.  400  fec^g  abqy^  the  fev^l  of  tl^j 
lea.    Qneiss  and  nf^ica  §Iate  #9e  waj^ling^-and  so  are  the  oldest 
'Dl!en[>i)fr&.9f  th^,  clay  sji^te  IbrpOE^tion.^  The  newest  portion  iirf 
that  formation  occupies  the  most  eWati^d  parts  oJE  l^e  islan^, 
where  it  itppears;  ^nder  the  ibri^xof  ))ori)  .slate  and  roofingrslate^ 
These  rOjcks  pt|ss  ii)seosiblytar  the  tpaq^tion  clai5s//rhe  oldest 
tiPansitHin,  riQck  w,hich  appe^s^s  grey^wa^die.    ThA,b0^s  of  it.  are 
>mQstlyi  less  elevated  i^an  ^hosevof  ^th&v^hiy^  ^&te;   they  d^ 
iowaitla  the  east^  ^aod  ^/ ipcliiii^pQI^  var^e&;.from;  vertical  to 
about  35®.    In  this  formation  occur  grey^wacke,  grey-wadce 
riate^    and  granular  quartz. ?sligtitly  micacj^us.      No  organic 
.refoainswere  perceived  io  any  of  them* 
.1  The  preceding  formation  is  covered  by  a  deposite  of  timer 
stone,  less  elevated  above  the ;  level  of  |he  sea  than  the.  grey- 
,  V|fackej(:  and  a|^iv^hi%)g  more  nearly  to  the  horizontal.     It 
consists  of  beds  of  shell  Umestone,  resembling  those  of  Kilkenny^ 
Westmoreland,  Cumberland,  and  Durham,  together  with  mag- 
Qesiaa   limestone^    sometimes  in   beds,    but  often   in  patches 
inclosed  within  the  other.    In  one  or  two  places  the  limestoqe  is 
covered  by  an  unstratified  mass  of  transition  amygdaloid  i  the 
base   of.  which   is  a  greenish  wacke,    containing   nodules   of 
lamellar   calcareous  spar,,  invested  by  a  thin  coating  of  iron 
pyrites.    The  only  floetz  rock  that  occurs  in  the  island  is  the 
oldest  sandstone,  somednies  so  coarse  grained  as  to  merit  the 
name  of  conglomerate,  in  which  case  it  consists  chiefly  of  frag- 
ments of  quartz,   with  a  few  scraps  of  decayed  slate,  apd.  a 
little  iron  pyrites.   The  colour  of  the  sandstone  is  red,  or  greyish 
white.     It  is  more  or  less  slaty,  according  to  the  proportion  of 
mica  that  it  contains.     It  lies  unconformably  over  the  grey- 
wacke,  and  dips  N.  W.  at  an  angle  varying  from  85®  to  15®, 
On  the  sea  shore,  and  on  the  slopes  of  some  of  the  mountains^ 
are  abundant  blocks  of  granite,  mica  slate,,and  poqjhyry. 
The  mines  iii  the  island,  at  Lbxey^^  Pox^^  apdSrada  Head^ 
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9tt  all  abapdoded.  'Tliey  ccmsist  of  galena  mixed  with  pyrites, 
and  with  the  carbonates  of  lead  and  of  copper.  Tkisy  lie  in 
gre^-^wacke;  but  at  Foxdate  thejr  have  been  followed  mtb  the 
SMbjacent  granite.  The  mean  temperature  of  the  khtoii  V- 
49-99^ 

On  the  18th  of  June  a  large  specimen  of  nodular  BgM  waa 
exhibited  to  the  Society  by  Dr.  Curry,  which  he  conceived  to 
point  out  a*  natural  connection  between  agate  and  the  plasma  of 
the  ancients. 

Part  of  a  paper,  by  Mr.  Webster,  was  read,  on  th^  firftrh 
water  formations  of  the  Isle  of  Wight,  with  ^me  obsenmtibns 
on  the  strata  lying  above  the  chalk  in  the  south  of  Engiatid. 
The  observations  in  this  paper  were 'partly  suggested  by  the 
memoir  of  Cuvier  and  Brogniart  on  the  strata  in  the  neighbour* 
hood  of  Paris.  Sir  Henry  £nglefield  first  observed  the  highly 
inclined  strata  of  chalk  in  the  Isle  of  Wight.  He  entrusted  the 
accurate  survey  of  these  curious  strata  to  Mr.  Webster.  The 
present  paper  i%  the  result  of  his  examination. 

An  elevated  ridge  of  hills  runs  through  the  Isle  of  Wight,  in 
a  direction  nearly  E.  and  W.  from  Culver  Cliff  to  the  Needles. 
These  hills,  are  composed  of  strata  fsoqsetimea  nearly  vertical,  bi^ 
generally  forming  an  angle  with  the  horizoa  of  from  60^  to  80^^ 
dipping  northward.  The  strata  confust  of  the  upper  and  lower 
beds  of  chalk ;  that  is,  of  the  chalk  with  «ad  without  flints^ 
covering  the  chalk  marl;  and  these  again  <^|^  underlayed  by 
calcareous  sandstone,  with  subordinate  beds  of  ebert'  and  Inne? 
stone,  clay  and  carbonized  wood.  To  the  north  of  these  strata 
occur,  at  Alum  Bay,  other  vertical  beds  of  sand  and  clay,  oqe 
of  which  corresponds  in  its  fossils  and  other  characters  with  the 
blue  clay  containing  aptaria,  usually  known  by  the  name  of 
London  clay.  Mr.  Webster  supposes  that  these  venicat  beds 
were  originally  h(MrizontaI,  and  elevated,  by  some  unkBoWa 
means,  after  the  formation  of  the  London  clav.  ^ 

If  a  line  in  the  direction  of  the  central  ridge  of  the  Isle  of 
Wight  be  extended  westwards  into  Dorsetshire,  it  will  be  fotlhd 
to  coincide  nearly  with  the  direction  of  a  ridge  running  froni 
Handfast  Point  to  Lulworth,  and  with  that  already  desciibed.  it 
may  therefore  be  considered  as  a  continuation  of  it.  The  nearest 
tract  of  chalk  to  the  north  of  this  ridge  is  the  South  Downs  ;  the 
strata  of  which,  together  with  their  superimposed  beds,  up  to  the 
London  clay,  dip  gently  to  the  south.  Hence  the  space  between 
may  be  considered  as  a  great  basin  or  hollow,  occasioned  pro^ 
bably  by  the  rupture  and  subsidence  of  strata  originally  borir 
zontal.  Within  this  basing  at  its  southern  ed^,  that  is,  on  the 
northern  coast  of  the  Isle  of  Wight,  occurs  a  large  mass  of 
nidrizdntal  «tratii,  in  many,  parts  visibly  renting  on  the  edges  of 


the^levatedstrata aboirei-jmeAtiaoeds  Md therefore  beloBgiog'  to 
a  period  sabs,eqi|ient  to  that  ia  wbi/?t^the  formation  of  the-  baaiji 
tOpk.fUff^-  l>is  horifoujt^  d^jj^sife  dififera  ia  its  chamsteiv 
6o^^  Jl^  others  hithertp^di^  igqgland,  b^t  correspoa^ 

with  those  m  the  neighbourhood  of  Paris  described  by  Cuvi^ 
k^4  Iko^iart.  These  beds,  4^  theyj^ppear  in  the  Isle  of  W^t^ 
consist  dfr/our  formations  :r7ii  The  lowest  fresh  water  forma- 
tion. ,.2«  The  supper. t marine  £pim«(^*.  ^..The  upper  fKsb 
water  formation.  4.  The  superficial  formation,  consisting  of  an 
alluvial  bed,,  'ojv  ■  ^  *  t-^  /  / 
:Vlp•.9odeiy^u9dy^tned,^i}iY4^U^  the  Stli   of  Noveinber 

,    .. ;  ■ 'A]iTicLE  XVI. 

"Lisi  of  Patents. 


'■    ^  ■ 


Jtomi  Mandbr;  chemist^  Aaron  Manby,  iron  master, 
rad  J6SBPH  VsRNOt^,  fitmac^man,  of  Wolverhampton ;  for 
their  methods  of  making  th<f  cinder  scoria  slagg,  or  by  whatever 
name  the  refuse  produced  in  the  snietting  or  refining  of  iron  may 
be  called,  into  fbrms,  which  may  be  used  for  any  purpose  to 
Whiieh  brick,  quiiry,  tile,  slate,  or  stone,  now  are,  or  may  be, 
iq>tdied'.  Dated  May  31,  1813.  This  method  has  been  long 
practised^  in  the  iron  furnaces  of  Sweden.  It  is  probably 
fiom  tiiat  counfry  that  tbe  patentees  obtained  their  infor* 
matioQ. 

a  ^  *      V 

^ .  TooMAS  Gbant,  of  Biddeford,  Devonshire,  Escj. ;  for  certain 
ingredients,  by  the  use  and  admixture  of  which  with  oil,  in.the 
preparing  and  making  of  paint,  a  considerable  ponsumption  of 
oil,  and  also  much  expense^  may  be  saved.     Dated  May  31, 

ft 

.  Jame$  Oliphant,  of  Cockspur-gtreet,  X^ndon,  hat  manu* 
fecturer;  for  a  metliod  of  making  or  manufacturing  military 
caps.    D^tedMaySl,  1813. 

.  Chahles  Broo£RIP,  of  Great  Portland-street,  London, 
Gentleman ;  for  his  improved  mode  of  raising  and  lowering 
vessels  N  from  one  level  to  another  level  of  navigable  waters. 
Dated  May  dl,  1813. 

*«-._L."  %      "♦      'J*         '.Iff  I*.       •  t       J'V  ,      ■ 

RicHARP  "WrtTY,  of  Kingston-upon-Hull,  Gentleman;  fpr 
additioni\l  improvements  in  or  on  ^team-engines^    and  toijb 
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useful  in  mnkiAg  c^rtam  parts  of  the  saibe.  Dated  June  5, 
1813.  '/  -      '^\'_-^ 

■  WfLLiAM  CocwtK,  of^'reebwich,'  1ft 'the  cqunty  bf  Kent, 
Ef(|.;  lor  certain  itn^foVotneh^s  iW  rtie  airt  of 'rfaking  at)d  work- 
ing ploughs  6f  atiy  kini)   or'tlescfiplTon.     T3ated  J[une   15, 

I8l3«  '  •  '       '. 

I  Chai^lbs  Go^DWiN^^ij  FkiAt^-JiemcCy  lion^on,  factor;  for 
an  improved  socket  for  a  jcandiestick^  consisting  of  a  sprihg  of 
springs, .by  which  any  candle,  rush  light,  or  t^per,  without  any 
paper  or  other  thing  l=)eing  pyt  round  it^i  n^y  be  fixed  and 
secured  in  such .  s<]|pker^'  and  which  socket  is  adiipttd  for  the  use 
of  any  description  of rCandlestick,,-jCb»nideUer^  lustre,  branch, 
lamp,!  or  lantern. .  He  has  also,  invented'jaselfoei&tinguisjier,  to 
be  n^ed  to.the  ^me,  by  which  tMe  light  m^y  be  extinguished  at 
anytime.     Dated  Ju|ne  2^,  1813. 
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SdentUic  JBwks  ju  nakfl^  or/ikuie  PreM» 

Mr.  W.  Henlejr„  Member  oS  the Juoiwjpg  PbiloBophical  Society, 
is  preparing  for  ih^  Press  a  series  pf  .CheiBftCBi  -^I^les,  int^&ded  to 
exhibit  the  properties  of  all  the  preseio^  knowo  b(»die£i»  the  result  (^ 
tiieir  union,  the  coippodtion  of  the;  oxides^  ^ai^ids,-  and  their  com* 
pounds,  with  the^efiects  produced  by  rih^  action  of  heat,  light,  and 
electricity^ -the  whole  forming  a  oompitete' abstract  of  the  setence  of 
chemistry. 


Dr.  John  Moodie,  of  Bath,  has  nearly  priepared  for  publication 
The  Modern  Geography  of  Asia^  to  be  published  ijA  two  4to..Tol8« 

with  an  Atlas. 

I.  .     .  ■  •  •  ■ 

A  Fourth  Volume  of  The  Antiquities  of  Athens  is  preparing  fdr 
publication. 


%*  Earh/  Communications /or  ikiz  Dep4irim€n$  gf  our  Journal 
^iii  be  thankfaUl^  recmti. 


A. 


V  .t ^ 


ME  S     AL  JOURNAL. 


Tbe  abierratioDi  in  rach  line  of  ihe  (able  apply  lo  a  period  of  (weDlf-ftoar 
immn,  br^inolDs  at  9  A'.  M.  on  Ibe  day  indicated  In  tbe  fint  calnmii.  A  daita 
dcnntM,  Uiat  tbe  reialt  it  tncladed  in  iheDcztfolloifiiicobietTatian. 

REMARKS. 

Sixth  Month.    21.  Brisk  winci  through  the  day.     22.  Wind 

more  gentle.  24.  A  shower 

Clear  twilight, 

Cirrocti'- 

opaque,  but-c6i 

loured.     2S,  Wind  N.  E.  a.  m.  cloud  appears  to 

have  pFcvailed  in  the  night.    Slight  showen  at  inieniA^  ^m,tu\i 

the  daf.    At  J  p.  m,  several  Mmbif  and  thuadct  te  ^<b  ^.nT. 
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which,  with  occasionut  WghuApg,  famed  Iqr  S»  to  N.  £.  At 
9  p.  m.  the  air  was  ao  loaded  with  va|ioiifi  as  to  deposit  water  oq 
a  glass  vessel  cooled  only  to  58*5^.'  It  now  hagan  to  ndn  heavily^' 
ceasing  at  ten,  with  thunder  and  lightning  atill  ia  the  N*  29. 
CirruSf  Ckrastraiut^  and  Cumutosiraius.  About  ono  p.  m.  a 
hMVT  storm  df  rain  and  hail,  with  several-electrkvl  dis^arges. 
SO.  In  the  forenoon  heary  rain,  ushecifcd  in  bjr «  ptoodliar  hoilow 
aound  in  the  wind,  then  sontbcriy  t  p.  m,  wet  at  inlarfals.    A 

Crt  of  this  day's  rain  was  taken  by  estimate  ^jpmgt  having 
en  left  under  corer. 

Seventh  Month.  3.  After  an  appraanoe  of  two  distinct 
orders  of  cloud  during  the  forenoon,  inoscuUition  took  plaoe 
suddenly  jibout  one,  and  tlu^  CumdostraiuSj  with  a  brUjc  wind, 
prevailed  till  sun-set.  ^  4.  A  slight  shower,  p.  m.  IVom  tfie  5th. 
to  the  9th  several  kinds  of  cloud  prevailed,  and  occasioned  at 
times  considerable  indications  of  rain;  of  which,  however,  a  few 
drops  only  fell,  the  clouds  still  passing  awnr  to  the  N.  In  that 
quarter  on  the  9ih,  evening,  we  had  several  distant  Nfmbi^  with 
the  usual  appearances  of  a  stsong  electric  chaige.  A  single 
flssh  of  lightning,  and  some  mio,  jnit  dis^nuble  b  the  horizon, 
were  the  only  results*  13.  After  ifpe»fed  exhibitions  of  the 
Cumtdostratus^  which  oontiuued  to  M>  pnx  to  th^  N.j  we  had 
this  ni^t  a  few  jirops  of  jain.  14.  jMJ^pli^  at  intervals :  the 
di»t  laid.  15.  A  wet  day.  The  vu^r  t^vm  that  rain  on  thia 
day  (which  the  PojMsh  Calendar  gave  to  St.  Switbin)  is  followed 
by  the  same,  dailv«  for  40  days,  if  tried  oC  any  oae  station  in  thia 
part  of  tlie  ishMM^  will  be  found  bllacibiiii.  There  is,  perbanSf 
in  a  majority  of  seasons^  a  genenl  tendency  to  rain  dunng  tnls 
period,  which,  in  Ireland,  and  on  tfip  wiiattrn  coasts  of  Britain, 
may,  in  some,  produce  the  effect  in  qucil^;  and'the  prgudice 
hence  arising  may  have  travelled  mto  ai^cBiiwte  where  it  does  not 
hold  good.  16.  Thunder,  p.  ro.  doriiig  a  shower.  17.  A  slight 
shower,  p.  m. :  dew  on  thegras^  19*  A  ftaeday :  the  Cumvlo^ 
stratus  prevailed,  and~ldie  evening  wlis'  very  dear,  with  dew. 
19.  Showers. 

RESULTS. 

Ctevailing  winds,  Easterly  to  the  new  tOKm^  Wterwards  Westetly*- 
Barcmeter  :  greatest  height   ..••^....-.SO'IS  inches;  .. 
Ijcast    ..................  .29-54  inches; 

Mean  of  the  period 29*87^  inches. 

Thermometer :  greatest  height  • . . , ...  • .  •  ,7^ 

•*'  lieast     ...* 41® 

Mean  of  the  perkxl . . .  .61*69^ 
-    Evapomtion,  2r^2  inches.    Rain,.  3-04  inches,  in  28  days. 
TorrsNUASf^  Seventh  Month,  23, 181A.  L.  fiOWABP* 


Eb&4|TA  in  our  last  Nuonber. 

P^37,  Uae  10, /^r  ^  IJHW  rmi  *f  15Hlk.'^ 


.■::r!;"i;:;;*'Alj;iiA£s:;,:    ' 

"_'  ,,,!  ■:  L,  .  *         '^l-        II'.  -I  1|  •■■  ■ 


M--,-     SEPTEMBER,   18)6.  ,\  - 

,     «.■,,,,■  .     ■••     .     .  ..  :«,5liii-  .      .         .  ■  ..    ■..:.".. 

Aport'ibnVSf«iw^_^a^%!?^CT^(|^re  Physical  and 

Chemical  F^vp^tf&^^M  Afferent  ^ays  which  annpose  the 
Sokar  Light.  'B^^B^.Ta^fnoj^et,  Clij^tat,and  Biot.* 

M.  f.  liave  been 

cliann  presented  by 

M.&  ofthedifle- 

icm  n  therefore,  to 

'  It  is  B  question  Idiig  d^Rs^  bui6n^  .plillosopheri  and  chfe< 
mists,  wh^tiercaloAc  klf&' ligtit  bS  moclifications  of  the  same 
priodple,  oi  consisf  '6f'  pT^dples  esrientialiy  different.  Many 
qrstema  have  been  eonstructe'd  in  bWnir  of  both  hypotheses ;  but 
the  only  means  (^  deciding' the  pt^idt  is  to  determine  by  esperi- 
ment,  iind  to  fix  with  exactness,  the  prpperties  belonging  essen-  - 
tially  to  caloric  and  to  light,  toii5C«min  in  what  respects  they 
agree,  and  in«hKt^ey4liffer;>«nd,  finally,  to  see  whether  th« 
same  principle  always  constant  in  its  nature,  but  acting  diffe- 
rently on  our  organs,  and  on  bodies  in  different  circumstance^ 
be  capable  of  producing  al^  the  variety  of  effect  which  we 
observe. 

Several  skilful  philosophers  and  chemists  have  already  partly 
directed  their  attention  towards  this  object.  Thus  Mariotte 
discovered>tliat  iavtribl&.heat  ndiates  like  light^  and  is  reflected 

■  TrBDtlatcd  from  the  Annalei  ie  Chimle  far  March  161S,  vol.  Ixxxv. 
p.  309,  • 

Vol.  II.  N°III,>    '      ^  -    L 
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like  it  by.inetall^oiiiirrqr'6,  results  afterwards  confirmed  by  the 
.  experiments  ji^-^  Schecle.  and  Pictet.  Mr.  Leslie  and  Count 
)luinford  exanuoed,  with  particular  ^care,  the  influence  which 
the.  nature  of;  the  substance,  and  the  state  of  the  surface,  has 
upcm  4he  radiation  of  heat,  when  it  enters  into  bodies,  or  escapes 
from  them,:.  Finally,  M,  Prevost,  of  Geneva,  has  included  all 
ih«  pheopmena  of  the  radiation  of  heat  in  an  ingenious  theory, 
which^  viewed^nly  in  a  systematic  point  of  view,  a3  is  done  by 
.Jthe  autliur,  enables  bim  to  connect  all  the. phenomena  together 
iw  law^.  ^fy  ^^\y  ^'  Delaroche.  has  added  a  new  fact  to 
4peseiresQ]U/ which  seemj^to  exhibit  a  gradual  passage  from  heat 
4o.iight«  ^The  rays  of  invisible  heat  traverse  glass  with  difficulty 
at,a.5|^iiy>ei:atur^ielbw  that  ofboiling  water;  but  they  traverse 
ijt;w}tli  .a4adlity,  ^ways  increasing  witk  the  temperature,  as  it 
9|^i^oa<J)£&'Uie{)9int.wh^  so  that  it 

Voiild  appear  fronx  these  experiments  that  the  modificatioi}, 
whatj^ver^it  .be^,  which  must  be  impressed  upon  the  invi^ble 
jTays,  to  render  them  .more  and  more  capable  of  passing  through 
glass,  makes  them  ^proach  more  and  more  to  the  $tate  in>  wbicjji 
they  must  be  when  4;hey. penetrate  our  eye,,  and  Qccasipii  the 
sensation  of  vision.  M.  Delaroche  has  found,  likewise,  that  tihp 
rays  of  Heat  which  have  passed  through  a  plate  of  glass  ar^;|in]^ 
portionally  more  adapted  to  pass  through  a  second  plate. .  This  is 
a  new  proof  oi  the  peculiar  state  of  these  rays,  and  of  th^  iDodia- 
cation  which  they  acquire.  .        ^ 

The  results  which  we  have  stated  relate  to  the  motkai  ^  heak 
Its  chemical  action,  compared  witli  that  of  Jight,  iti^  ))^e^ 
equally  studied.  .  .i        . 

MM.  Gay-Lussac  and  Thenard  have  proved  that  ^H  the 
changes  of  colour  produced  by  light  may  be  imitated  and  p|Or 
iluced  by  lieat,  and  by  an  elevation  of  temperature  not  caccQidiiDg 
^12^.  Other  phenomena  previously  observed,  showed  that  ii| 
that  comparison  of )  the  actions  of  heat  and  li^tin  heatioff 
bodies,  or  producing. cheipical  changes  in  them^  thiere  is  a  g]pettt 
diflerence  in  the  rays  of  different  colours.  Mr  Roc^p.  had 
announced  that  the  heat  produced  by  tlie  different  rays  of  th^ 
spectrum  was.  unequal.  Dr.  Herschell  afterwards  foui^d  that  tlje 
heating  power  increases  progressively  from  the  violet  to  thie  red  €ii4 
of  the  spectrum.  He  even  fixed  the  maximum  effect  beyond  the 
red  ray;  so  tb^t,  according  to  his  experiments^  the  mp^t  heating 
rays  of  the  spectium  were  entirely,  pr  nearly,  invisible.-  I)jc* 
Wollaston,  and  Messrs.  Ritter  and  Bechmann,  having  examined 
the  opposite,  or  viplet  end  of  the«pe0rum,  found  that  it  like- 
wise possessed  4}eciiliar  prppertiesf ;  and  that  there  exist,  beyond 
tbe^fiolet,  invisible  rays,  which,  possess,  in  greatest  perfectjorij^" 
t^Krfpwer  pf  determining  cbi^ipical  combjinations.  .5'he  expe^i- 
ft^'O^J^^fuAlj^P^hf^U.tboiigh  ,^  by  several  phlloson 
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phers,  had  been  called  in  question  by  otheni  iio  less  skilful^ 
particularly  by  Mr  Leslie*  On  thai  account  it  was  important  fp 
remove  every  doubt  respecting  them.  It  was  likewise  intere9tin|| 
to  know  if  the  invisible  or  almost  invisible  rays,  situated  beyond 
the  extremities  of  the  spectrum,  possess  any  other  properties  of 
light.  For  example,  if  the  reflection  of  them  from  polished 
glass  can  give  them  that  modification  which  Mahis  has  distih* 
guished  by  the  name  of  polarization.  M- B( rtholtet  eogag^ 
MM.  Malus  and  Berard  to  undertake  this  double  object.  •^JThc 
premature' death  of  Malus  has  deprived  us  of  the  gfcat  light 
which  he  would  without  donbt  have  thrown  upon  the  suliject^^  aa 
he  had  already  done  upon  other  parts  of  optics  by  his  excellent 
discoveries;  but  the  researches  which  he  had  begun,  or  projected^ 
^Mve  not  been  lost  M.  Berard  has  pursued  them  with  great 
care.  He  has  finished  them  with  the  utmost  possible  exHctUesSy 
ttid  hes  presented  the  results  to  the  Institute. 

M.  Berard,  with  respect  to  apparatus,  has  had  fl  great  advan* 
ttge  over  the  philosophers  who  have  preceded  him  in  these 
ic»&tt)dies.  He  made  use  of  the  heliostate  which  Malus  had  got 
teostmcied  for  the  philosophical,  cabinet  of  M.  Berthollet,  and 
fey  ineaiis'  of  that  instrument  he  obtained  a  ray  of  solar  light 
iNifrfeGtIy  fixed,  on  which  he  could  make  experiments  at  pleasure. 
ojf  decomposing  this  ray  with  a  prism,  he  obtained  an  immove« 
mble-^outed  spectrum.  By  placing  very  sensible  thermometers 
io  the  spaces  occupied  by  the  different  colours,  ,he  was  enabled 
to  doropere  their  calorific  effects  with  the  utmost  certainty.  He 
asctertamed  their  chemical  properties  by  substituting,  in  place  of 
the  thermometers,  chemical  compounds  easily  altered. 

He  eittimined>  in  the  first  place,  thfe  calorific  power  of  the 
<Mfewul  fitp.  We  know  that  they  are  unequal  in  this  respect. 
If'  Rocbbo,  who  first  observed  this  inequality,  placed  the  maxi- 
BMiBi  of  heat  in  the  yellow  ray,  where  the  illuminating  power  ia 
neatest.  Dr.  Herschell  placed  it  out  of  the  spectrum,  and 
Vejfond  the  red  ray.  The  experiments  of  Berard  have  confirmed 
Ae  experiments  of  Herschell  relative, to  the  progressive  heating 
power  of  the  rays  from  the  violet  to  the  red  ;  but  he  found  thie 
greatest  heating  power  at  the  extremity  of  the  spectrum  itself^, 
•nd  not  beyond  it.  He  fixed  it  at  the  point,  where  the  bulb  of 
the  thermometer  was  still  entirely  covered  with  the  red  ray;  and 
he  found  that  the  thennometer  sunk  progreftsively,  in  proportion 
as  the  distance  of  its  bulb  from  the  red  ray  increased.  When 
he  placed  the  thermometer  quite  beyond  the  visible  spectrum,  in 
the  spot  where  Herschell  fixed  the  maximum  of  heat,  it^  eleva- 
tion above  that  of  the  ambient  air  was  only  4^h  of  what  it  had 
beea  in  the  red  ray  itsetf.  The  absolute  intensity  of  the  beat 
produced  was  likewise  has  in  the  experiments  of  Hemrd  thui  iti 
ifaose  of  HorechelU    Qp  these  dmertnces  depend  upon  the 

l2 
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matter  of  the  prisms  and  the  difference  of  the  apparatus,  or  on 
some  circumstances  depending  upon  the  phenomenon  itself?  It 
is  not  possible  for  us  to  determine. 

M.  Berard  wished  to  know  if  these  properties  would  exist  in 
each  of  the  pencils  into  which  the  ray  divides  itself  in  passing 
through  a  rhomboid  of  Iceland  spar.  He  made  a  ray  of  sokur 
light  pass  through  a  prism  formed  of  a  piece  of  Iceland  spar. 
Bach  of  the  two  spectra  exhibited  the  same  properties.  In  both, 
the  calorific  power  diminished  from  the  violet  to  the  red  end,  and 
it  existed  beyoqd  the  last  visible  red  rays.  Thus,  whether  this 
&culty  be  innerent  in  the  solar  rays  or  not,  when  these  rays  are 
divided  by  a  crystal  it  goes  along  with  each. 

But  in  this  operation  the  luminous  molecules  are  polarized  by 
the  crystal.  Do  the  invisible  rays  of  heat  experience  the  same 
effect  ?  To  determine  this  point,  M.  £ierard  received  the  solar 
ray  upon  a  polished  and  transparent  glass,  which  polarized  a 
portion  of  it  by  reflection.  This  reflected  ray  was  then  received 
upon  a  second  glass,  fixed  in  an  apparatus,  which  permitted  it  to 
be  turned  round  tlie  ray  under  a  constant  incidence,  and  this 
incidence  iti^elf  was  determined  in  such  a  manner  that  in  a  cer- 
tain position  of  the  glass  the  reflection  ceased  to  take  place.  We 
know,  from  the  experiments  of  Mains,  that  a  glass  m^  be 
always  disposed  in  such  a  manner  that  this  condition  is  fulnlled. 
Things  being  thus,  disposed,  by  collecting  with  a  mirror  the 
calorific  and  luminous  rays  reflected  from  the  second  glass,  and 
directing  them  upon  a  thermometer,  M.  Berard  found,  that  as 
long  as  light  was  reflected  the  thermometer  was  elevated,  and  of 
course  the  heat  was  reflected  likewise ;  but  when,  from  the  posi- 
tion of  the  second  glass,  the  light  was  totally  transmitted,  the 
heat  was  transmitted  at  the  same  time,  and  the  thermometer  was 
not  elevated.  In  this  experiment,  then,  as  well  as  the  preceding, 
the  calorific  principle,  whatever  it  may  be,  never  separates  from 
the  luminous  molecules. 

To  the  ray  of  solar  light  employed  in  this  experiment,  M. 
Berard  substituted  a  pencil  of  radiant  heat  proceeding  from  a 
body  hot,  but  not  red,  and  even  not  luminous.  The  effect  was 
the  same  as  before.  The  thermometer  rose  when  the  second 
glass  was  so  situated  as  to  reflect  light,  and  it  did  not  rise  when 
the  second  could  not  reflect  light.  Therefore  the  particles  of 
invisible  radiant  heat  are  modified  by  reflection,  precisely  like 
light. 

After  having  studied  the  calorific  properties  of  the  different 
rays  of  the  spectrum,  M.  Berard  examined  their  chemical  pro- 
perties. When  muriate  of  silver,  or  other  white  salts  of  silver, 
^e  exposed  to  light,  they  become  dark  ..coloured  very  speedily, 
Guaiac  thus  exposed  to  light  passes  from  yellow  to  green,  as  Dr. 
WoUaston   observed.     Gay-Lussac   and   Thenard   discovered 
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ttnother  action  of  this  light  still  more  prompt  and  energetic. 
When  a  mixture  of  oxymuriatic  acid  gas  and  hydrogen  gas  are 
exposed  to  the  action  of  solar  light,  a  detonation  takes  place, 
4M  water  and  muriatic  acid  are  formed.    These  different  phe- 
nomena enabled  M.  Berard  to  examine  the  chemical  powers  of 
the  difierent  rays  of  the  spectrum.    By  exposing  to  the  different 
coloured  rays,  pieces  of  card  impregnated  with  muriate  of  silver, 
or  small  phials  filled  with  the  detonating  mixture,  he  was  enabled 
to  judge  of  the  energy  of  each  by  the  intensity  or  rapidity  of  the 
ehemical  change  which  it  produced.    He  found  that  the  chemi- 
cal intensity  was  greatest  at  the  violet  end  of  the  spectrum,  and. 
that  it  extended,  as  Ritter  and  WoUaston  had  observed,  a  little 
*beyood  that  extremity.'    Wlien  he  left  substances  exposed  for  a 
certain  time  to  the  action  of  each  ray,  he  observed  sensible 
effects,  though  with  an  intensity  continually  decreasing  in  the 
indigo  and.  blue  rays.    Hence  we  must  consider  it  as  extremely 
probable,  that  if  he  had  been  able  to  employ  reactives  still  more 
sensible,  he  would  have  observed  analogous  effects,  but  still  more 
feeble,  even  in  the  other  rays.   To  show  clearly  the  great  dispro- 
portion which  exists  in  this  respect'  between  the  energies  of  the 
different  rays,  M.  Berard  concentrated,  by  means  of  a  lens,  all 
that'part  of  tfie  spectrum  which  extends  iroin  the  green  to  the 
extreme  violet;  and  he  concentrated,  by  means  of  another  lens, 
all  that  portion  which  extends  from  the  green  to  the  extremity  of 
the  red.    This  last  pencil  formed  a  white  point  so  brilliant  that 
Ae  eyes  were  scarcely  able  to  endure  it ;  yet  the  muriate  of 
gilver  remained  more  than  two  hours  exposed  to  this  brilliaiit 
Kght  without  undergoing  any  sefnsible  alteration.     On  the  other 
hand,  when  exposed  to  the  other  pencil,  which  was  much  less 
•  bright,  and  less  hot,  it  was  blackened  in  less  than  six  minutes. 
M.  Berard  concluded,  from  this  experiment,  that  the  chemical 
efiects  produced  by  light  are  not  solely  owing  to  the  heat  deve- 
loped in  the  body  by  its  combining  with  the  substance  of  the 
body ;  because,  on  such  a  supposition,  the  faculty  of  producing 
chemical  combinations  ought  to  be  greatest  in  those  rays  which 
possess  the  faculty  of  heating  in  the  greatest  perfection :  but 
perhaps  we  should  find  less  opposition  between  these  two  opi- 
nions, if  we  attended  to  the  different  results  which  may  be  pro- 
duced by  the  same  agent  placed  in  different  circumstances,  and 
if  we  considered  that  agents  of  a  nature  quite  dissimilar  may 
determine  the  same  combinations  when  they  are  employed. 

Such  is  an  epitome  of  the  principal  facts  which  M.  Berard 
has  established  in  his  memoir.  To  great  accuracy  he  has  united 
an  excellent  arrangement  in  his  account  of  his  experiments. 
He  has  presented  the  physical  properties  of  the  different  rays 
merely  as  the  results  of  experiments,  the  hypothetical  causes  of 
which  he  has  abstained  from  inquiring  into  :  aipid  he  has  always 
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employed  terms  so  general  as  to  be  applicable,  whether  the 
properties  treated  of  belong  to  a  substance  really  distinct  and 
combiued  with  lights  or  result  simply  from  original  ditierences 
which  exist  .among  the  different  molecules  of  the  same  principle, 
t^hich,  according  to  differences  in  the  size  or  the  velocity,  or 
in  both  united,  become  capable  of  producing  chemical  combi- 
nations, vision,  and  heat. 

Without  attempting  to  decide  between  two  opinions,  which 
go  botli  beyond  the  focts  observed,  we  may  at  least  weigh  their 
relative  probabilities,  and  compare  the  number  of  hypotheses 
necessary  in  each  to  represent  the  same  number  of  facts.  If 
we  wish  to  consider  solar  light  as  compose.!  of  three  distinct 
substances,  one  of  which  occasions  light,  another  heat,  and  the 
third  chemical  combiQations ;  it  wHl  follow  that  each  of  these 
substances  is  separable  by  the  prism  into  an  infinity  of  different 
modificstioDSy^Iike  light  itself;  since  we  find,  by  experiment, 
that  each  of  the  three  properties,  chemical,  colorific,  and  calo- 
rific,  is  spread,  though  unequally,  over  a  certain  extent  of  the 
spectrum.  Hence  we  must  suppose,  on  that  hypothesis,  that  there 
exist  three  spectrums  one  above  another ;  namely,  a  calorific,  a 
colorific,  and  a  chemical  spectrum.  We  must,  likewise,  admit 
that  each  of  the  substances  which  compose  the  three  spectrums, 
and  even  eiieh  molecule  of  unequal  refrangihility  which  consti- 
tutes these  substances,  is  endowed,  like  the  molecules  of  visible 
Ugbt,  with  the  property  of  being  polarized  by  reflection,  and  of 
escaping  from  reflection  in  the  same  positions  as  the  luminous 
iQofeoules,  &c. 

Instead  of  this  complication  of  ideas,  let  us  conceive  simply^ 
acourdiii^  to  the  phenomena,  that  light  is  composed  of  a  collec- 
tion of  r^ys  unequally  refrangible,  and  of  course  unequally 
attracted  by  bodies.  This  supposes  original  differences  in  their 
size  and  velocity,  or  in  their  affinities.  Why  should  those  rays, 
which  differ  already  in  so  many  things,  produce  upon  thermo- 
meters, or  upon  our  organs,  the  same  sensations  of  heat  or 
light  ?  Why  should  they  have  the  ^me  energy  to  form  or  sepa- 
rate combinations  ?  Would  it  not  be  quite  natural  that  vision 
should  not  operate  on  our  eyes,  except  within  certain  limits  of 
refrangioility;  and  that  too  little  or  too  much  refrangihility 
should  render  it  equally  incapable  9f  producing  that  effect. 
Perhaps  thrse  lays  may  be  visible  to  other  eyes  than  oursy  perhaps 
th^y  are  so  to  certain  animals,  which  would  account  for  certain 
actions  that  appear  to  us  marvellous.  In  a  word,  we  may  con- 
ceive the  calorific  and  chemical  faculty  to  vary  through  the  whole 
length  of  the  spectrum,  at  the  saiije  time  with  the  refrangihility, 
but  according  to  different  fuiictibiis  ;  so  that  the  calorific  faculty 
is  at  its  niinimum  at  the  violet  end  of  the  spectrum,  and  at  its 
maximum  at  the  red  end}  wliile,  on  the  otlier  hand,  the  chc- 
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mical  faculty  expressed  by  another  function  is  at  its  minimum  at 
the  red  end^  and  at  its  maximum  at  the  violet  end,  or  a  little 
beyond  it.     This  simple  sup(k)sition,  which  Is  only  the  simple 
statement  of  the  phenomena,  equally  agrees  w'th  all  the  facts 
hitherto  observed,   and   accounts  for  those  established  by  M.  , 
Berard,  and  even  enables  us  to  predict  them.     In  fact,  if  all  the  • 
rays,  which  produce  these  three  ordefs  of  phenomena,  are  rays  of.", 
light,  they  must  of  course  be  polarized  in  passing  through  Iceland 
crystal,  or  in  being  reflected  from. a  polished  glass  with. a  dgtei*- 
mined  incidence  :  and  when  they  have  received. these  modifica-  \ 
tions,  th  y  must  be  reflected  by  another  glass,  if  it  i§  prpperly  , 
placed,  to  exert  its  reflecting  energy  on  the  lumitipiis  tnQle.cules,  ' 
On  the  other  hand,  if  that  force  is  null  on  the  visible  lunainous.  ^ 
molecules,  the  invisible  light  will  not  l^e^ny. longer  reflected: 
for  the  cause  which  occasions  or  prevents  r^flect)oD  appears^  to  . 
act  equally  upon  all  the  molecules,  whatever  their  refraugibiUty  * 
may  be.     It  ought,  therefore,  to  act  uppn  tlie  Unolecules  Qi,\ 
invisible  light,  the  condition  of  visibility  or  invisibility  relatmg 
merely  to  our  eyes,  and  not  to  the  nature  of  the  inoleci^les  wMiph . 
produce  these  sensations  in  us.  But  though  thjs  mode  of  yiewi|;^  ^ 
the  facts  appears  to  us  the  most  natural  and  simple,  we  canqp^^..^ 
but  approve  the  sage  reserve  of  M.  Berard  in  not  attempting  to' , 
decide  questions  upon  which  experiment  has  not  yet,  accurtite^',.. 
pronounced.  ,    -      »  '  ; 

The  Class  heard  with  pleasure  the  detail  of  these  interesting ,  f 
e3q)eriments,  which  were  presented  by  the  authQr.on  the  same  4^ajr  * 
that  he  and  M.  Delaroche  obtained  the  prize  offered  for  the'. ^ 
determination  of  the  specific  heat  of  the  gases.  .  We  'progoje^ 
to.  the  Class  to  confirm,  by  its  approbation,  this  new  and  valuable 
set  of  experiments;  and  we  regard  it  as  very  worthy  to  be  printed  . . 
in  the  Recueil  des  Savans  Eir angers. 

(Signed)  Skethollet,  Chaptal,  andBiOT^ 

Commissioners, 


Article  II, 

On  the  Dalttmian  Theory  of  Definite  Proportions  in  Chemical 
Compounds.     By  Thonnas  Tho.m8pn,  M.D.  F.R.S. 

(Omiimted  from  p*.  115.) 

I  SHALL  continue  the  table  of  chemical  compounds  in  this 
Number  a  little  farther,  observiag  the  same  method  as  in  the 
preceding  part  of  this  paper. 


\ 
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Number  of  WtfJght  of  an 

atoms.  integrant  particle^ 

135.  Hydrate  of  potash.  •..!  p  +  1  w. 7-132* 

136.  Hydrate  of  soda 1  s    +  1  w 9-014^ 

137.  Hydrate  of  lime  ...  .1  I    +  1  w 4-752  *^ 

138.  Hydrate  of  barytes  ..1  b   +  1  w 10-863  ^ 

139.  Hydrate  of  strontian   1  5/  +  1  2^ 8-032  *^ 

140.  Hydrate  of  magnesia  2  m  -^  1  2^ «...  ^ .  5-868  ^ 


«*•- 


•  By  hydrate  ofpotashy  I  mean  caustic  potash  which  has  been 
exposed  to  a  red  heat.  If  we  suppose  it  composed  of  an  inte* 
grant  particle  of  potash,  and  an  integrant  particle  of  water,  it 
should  consist  of  100  potash  +  18*867  water.  Now  Davy,  by 
heating  potash  and  boracic  acid  together,  actually  separated 
between  17  and.  18  of  water.  This  I  consider  as  a  full  confirma- 
tion. Berzelius  obtained  16  per  cent.  [Ldrhok  i  Kemien,  ii. 
594 ;)  which  is  very  nearly  the  exact  quantity.  It  ought  to  have 
been  15  •872. 

*•  This  is  caustic  soda  exposed  to  a  red  heat.  Supposing  it  a 
compound  of  ar^  integrant  particle  of  soda  and  of  water,  it  ought 
to  consist  of  100  soda  +  14-362  water,  or  84-128  soda  + 
12*558  water.  I  do  not  know  that  any  accurate  experiments 
have  been  made  to  determine  the  proportions  of  this  hydrate. 

^  Acjcording  to  this  statement,  slacked  lime  (which  is  the 
hydrate)  is  composed  of  100  lime  -f  31-27  water.  Now  Lavoi-t 
sier  found  it  composed  of  100  lime  +  28-7  water,  and  Dalton 
of  100  lime  -f  33  333  water.  The  mean  of  these  results  gives 
us  31*016,  which  very  nearly  coincides  with  the  number  in  the 

**  By  comparing  the  experiments  of  Berthollet  (Mem.  d^Ar-^ 
cueily  ii.  42,)  with  those  of  Berzelius,  {jl?m.  de  Chim.  Ixxviii. 
60,)  it  appears  that  crystallized  barytes  exposed  to  a  red  heat 
(hydrate  of  baiytes)  is  composed  of  100  barytes  H-  12-121  water. 
If  w^  suppose  It  a  compound  of  an  atom  of  barytes  and  an  atom 
of  water,  its  composition  will  be  100  barytes  4-  11-632,  which 
almost  coincides  with  experience.  Hence  the  number  in  the 
table. 

*  That  a  hydrate  of  strontian  exists  is  certain,  but  po  direct 

,  experiments  have  been  made  upon  its  composition ;  but  from 

analogy,  it  is  probable  the  number  in  the  table  is  correct.     The 

prystallized  hydrate,  according  to  Dr.  Hope's  experiments^  is 

composed  of  1  atom  strontian  and  13  water. 

'  Hydrate  of  magnesia  is  obtained  by  precipitating  magnesia 
from  an  acid,  by  means  of  potash,  and  drying  it  in  a  gentle  heat^ 
It  is  composed,  according  to  Pavy,  of  100  magnesia  -f-  abou^ 
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Number  of  .    Weight  of  an 

atoms.  integrant  particle, 

141.  Hydrate  of  alumina ..  1  a  +  1  tu. 4*632' 

142.  Hydrate  of  gludna  .  .1  g  -f  1  w 4*732  *> 

143.  Hydrate  of  yttria....!  y  -h  3  w 11*796' 

144.  Hydrate  of  zirconia  ..1  z   -f  1  lu 6*788  ^ 

145.  Hydrate  of  silica  ...  .1  si  +  1  «/..,...  5*198  * 

146.  Hydro  -  sulphuric  2^^   +   Iw......  6-132  » 

ajcid,  or  acid  of  1*85    S 

147.  2d  hydrate  of   sul-l 

phuric  acid,   or  acid  r  I  s    +   2  w 7*264  ^ 

of  1*780 \ 

J48.  3d  hydrate  of   sul-J 

phuric  acid,  or  acid  of  >  1  s    +  3  w 8*396 

1*66 \ 

149.  Hydro.nitricacid,or7p  fi.ftSQo 

acidofl-62Q    ^  -  n  +   1  u/ «  8b8 


25  water,  which  agrees  nearly  with  the  number  in  the  table.  It 
would  not  be  surprising  if  a  hydrate  of  niagnesia  existed  con- 
sisting of  an  atpm  of  magnesia  united  with  an  atom  of  water, 
bat  incapable  of  being  dried  without  losing  one-half  of  its  water, 

8  Wavellite  may  be  considered  as  a  native  hydrate  of  alumina. 
If  it  be  composed  of  74  alumina  and  26  water,  it  must  consist 
of  an  atom  of  alumina  4-  an  atom  of  water.  Aluipina  preci- 
pitated from  a  solution,  and  dried  at  60°,  would  appear,  from 
Saussure's  experiments,  to  be  composed  of  1  atom  of  alumina 
and  4  atoms  of  water. 

**  Stated  merely  from  analogy,  without  any  direct  experiment. 

*  From  the  experiments  of  Klaproth,  it  appears  that  yttria 
precipitated  from  acids,  and  dried,  is  composed  69  yttria  +  31 
water;     Hence  the  number  in  the  table. 

^  According  to  Davy,  zirconia,  when  in  the  state  of  a  hydrate, 
contains  more  than  ^th  of  its  weight  of  water.  Hence  th^ 
number  in  the  table  must  represent  its  composition. 

*  We  have  no  direct  analysis  of  the  hydrate  of  silica ;  but  the 
earth  is  known  to  absorb  about  ^th  of  its  weight  of  water.  Hence 
it  must  be  a  compound  of  1  atom  silica  and  1  atom  water. 

™  This  is  the  strongest  possible  sulphuric  acid.  It  is  composed 
of  100  real  acid  +  22*64  water. 

"  This  is  the  acid  which  freezes  at  the  highest  temperature  of 
all,  about  42®  Fahrenheit.  It  is  that  on  which  Mr.  Keir  made 
his  experiments.  It  is  composed,  as  Dalton  has  shown,  of  100 
real  acid  -f  45*28  water.  Hence  its  composition  is  as  stated  in 
the  table. 

This  and  the  three  following  hydrates  have  been  ascertained 
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Number  of  Weight  of  an 

atoms.  iotegraot  particle. 

150.  2d  hydrate  of  nitric-?  J  „  ^  la,..,...  5-010 
acid,  or  acid  of  1 '54  ..  N 

151.  3d  hydrate  of  nitric  "J  J  „  +  2  «;......  6-14^ 

acid,  or  acid  ot  1'42  . .  3 

152.  4th  hvdrate  of  nitric 


acid,  or  acid  of  1*350 


1  n  +  3  tt/ 7'27^ 


153.  Hydrophosphorousacid2 /)  4-   1  w S*^*^2.f 

154.  l-rydrateofboracicacidl  b  -h  3  w 9*106^ 

155.  Hydrate  of  peroxide  7  J  ^  ^  m;,  ...  ..11.132  ' 
of  copper 


156.  Hydrate    of    blacic?  ^   .         ^  ^ 


oxide  of  iron 


98 


157.  Hydrate     of      red7  ^   .         ^  ^ 

oxide  of  iron    \  * 

158.  Hydrate    of    deut-'J  ^  ^         ^  t^,.. ..  ..17-837  » 

oxide  of  tin  ...•,...  S  *  '      / 


«i 


by  Dalton.  The  reader  may  consult  liis  curious  table  in  his 
New  System  of  Chemical  Philosophy,  Pari  il.  p.  355. 

P  This  is  the  result  of  the  experiments  of  Sir  Humphry  Davy/ 
Who,  by  combining  phosphorous  acid  with  ammonia,  and  dis- 
tillmg  otf  the  water,  found  that  the  hydrate  of  phosphorous  acid 
is  a  compound  of  2  integrant  particles  of  phosphorous  acid  and 
1  of  water.    (Davy's  Elements  of  Chemical  Philosophy ,  p.  289.) 

**  We  shall  see  afterwards  that  the  weight  of  an  integraat 
particle  of  boracic  acid  is  about  5*710.  Now  Davy  found 
hydrate  of  boracic  acid  composed  of  about  57  acid  -f  43  water. 
This  approaches  the  number  in  the  table ;  but  as  it  does  not 
quite  cqrrespond,  little  confidence  can  be  put  in  it. 

'  This  is  the  blue  substance  obtained  by  precipitating  nitrate 
or  sulphate  of  copper  by  an  alkali.  According  to  Davy,  it  is 
composed  of  9  peroxide  of  copper  -f  1  water.  Now  9  :  1  ::  10 
:  1*111 ;  and  I'll!  is  very  nearly  the  weight  of  an  integrant 
particle  of  water. 

*  It  appears  from  my  experiments  that  water  combines  with 
black  oxide  of  iron.  I  state  the  proportions  from'  analogy  merely. 
The  increase  of  weight  in  my  trial  was  rather  less  than  equivalent, 
to  the  proportion  of  water  stated  in  the  table. 

*  This  is  the  orange  precipitate  obtained  from  oxy sulphate  of 
iron  by  an  alkali.  It  has  been  ascertained  to  be  a  hydrate,  but 
never  analysed.     I  state  the  proportions  merely  fr6m  analogy. 

"  This  is  the  white  powder  obtained  by  precipitating  the  recent 
^plution  of  tin  in  muriatic  acid.    According  to  Proust,  it  is 
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Number  of  Weight  of  au 

atoms.  integrant  particle. 

159.  Hydrate  of  peroxide  7,  ,        ^  ^ ^  , 

oi  tin . .  \ 

IM.  Hydrate    of    ptot?  ,  „  ^.   ,  „ g.^^. 

oxide  of  manganese  . .  \ 
163.  Hydrate  of  oxide  of 7  ^  ^        ,  ^ g.,32  t    , 

arsenic ) 

These  are  the  only  hydrates  (not  reckoning  the  salts  and 
vegetable  acids)  at  present  known.  It  is  evident^  from  the 
slightest  inspection  of  the  table,  how  little  they  have  beea 
eiamined,  and  how  unceriain  we  still  ar^  respecting  the  propor- 
tions of  the  constituents  of  several.  They  deserve  a  more 
careful  examination  than  has  hitherto  been  bestowed  upon  them ; 
and,  if  accurately  understood,  would  greatly  facilitate  many  im- 
pcHtant  processes  in  practical  chemistry.  It  is  particularly 
worthy  of  inquiry,  whether  all  metallic  oxides  be  capable  of 
forming  hydrates,  or  only  some  of  them.  The  former  is  the 
more  probable  opinion ;  but  it  is  very  far  from  being  determined. 


composed  of  95*  black  oxide  +  5  water.  Now  this  approaches 
to  1  particle  of  black  oxide  and  1  particle  of  water. 

'  There  can  be  no  doubt  that  this  hydrate  exists ;  but  it  .has 
not  hitherto  been  analysed.  I  slate  its  composition  in  the  table 
merely  from  analogy.. 

y  This  is  the  green  coloured  substance  obtained  by  dissolving 
nickel  in  nitric  acid,  and  precipitating  by  potash.  According  to 
DaVy,  more  than  one-fourth  of  its  weight  is  water.  This  state- 
ment approaches  most  nearly  to  the  supposition  that  it  contains 
2  particles  of  water  to  I  of  oxide. 

*  This  is  tiie  blue  powder  obtamed  by  dissolving  cobalt  in  an 
acid,  and  precipitating  by  an  alkali.  It  has  not  been  analysed. 
The  number  in  the  table  is  given  merely  from  analogy. 

*  This  is  the  white  powder  precipitated  by  alkalies  from  colour- 
less solutions  of  manganese.  It  has  never  been  analysed.  Hence 
the  numbers  in  the  table  are  given  only  from  analogy. 

^  This  is  the  opake  white  powder,  or  the  small  white  crystals, 
of  oxide  of  arsenic.  The  pure  oxide  is  transparent  and  colour- 
less, like  glass.  This  hydrate  has  never  been  analysed.  The 
numbers  in  the  table  are  stated  merely  from  analogy. 
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Article  III. 

Contributions  totvards  a  Chemical  Knowledge  of  Manganese. 

By  Dr.  John  * 

Though  manganese  was  known  in  the  remotest  times^  and 
though  after  Bergman  had  shown  that  it  contained  a  pecu- 
liar metal,  sei^eral  distinguished  chemists  occupied  themselves 
with  experiments  upon  it,  yet  it  is  one  of  the  metals  respecting 
which  our  knowledge  u  most  defective.  Indeed,  we  may  3ay 
that  it  never  has  been  described  in  a  state  6f  purity.  This  con- 
sideratian  has  induced  me  to  make  choice  of  it  as  an  object  of 
experiment.  My  labours  on  it  have  of  necessity  been  so  variouSji 
and  my  observations  on  it  so  numerous^  that  it  would  fatigue  my 
readers  too  much  were  I  to  publish  the  whole  at  once.  I  shaill 
therefore  lay  them  before  the  world  at  different  times^  and'  lA 
separate  dissertations. 

I.  Purifying  of  the  Oxide  of  Manganese, 

This,  which  is  accomplished  ^vith  no  small  difficulty,  must 
occupy  us  in  the  first  place.  That  chemists  have  hitherto 
attained  the  means  of  purifying  manganese  only  imperfectly,  is 
obvious  from  the  many  processes  proposed,  all  differing  so  much 
from. each  other.  / 

It  is  not  only  to  the  separation  of  the  iron  always  contained 
in  the  mixture  to  which  we  oiight  to  pay  attention  :  copper,^ 
also,  and  not  unfrequently  lead,  together  with  several  earths, 
are  to  be  found  in  several  of  the  ores  of  manganese.  In  parti- 
cular, I  have  found  them  in  the  purest  grey  Saxon  manganese. 

For  the  separation  of  the  iron  from  manganese  we  do  not,  it 
is  true,  want  processes ;  but  I  have  examined  them  with  accu- 
racy, and  have  not  found  any  of  them  singly  fully  to  answer  the 
Intended  purpose. 

Gehlen's  well  known,  and  generally  practised,  method  of 
separating  iron  from  all  metals  .which  form  a  soluble  salt  with 
succinic  acid,  by  precipitating  the  iron  from  its  solution  by 
means  of  an  alkaline  succinate,  leaves  nothing  farther  to  be 
desired  in  resp^t  of  accuracy;  but  if  we  consider  the  high  price 
of  succinic  acid,  and  the  continually  diminishing  quantity  of 
amber  from  which  it  is  procured,  the  matter  will  appear  in 
another  light,  and  induce  us  to  look  out  for  a  more  convenient 
method, 

• 

•  Tr;)nslated  from  Gehlen's  Journal  fur  die  Cbemie  undi  Physik  Drittcf 
Raod.  Sid.  ii.  52. 
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When  I  considered  the  principle  on  which  Gehlen  founded 
his  method  of  separating  iron  from  manganese  by  means  of 
succinic  acid,  namely,  the  insolubility  of  one  of  the  two  result- 
ing compounds^  it  occurred  to  nbe  that  oxalic  acid,  or  any  of 
its  neutral  salts^  might  be  used  for  the  same  purpose^  with 
more  economy. 

With  this  view  I  mixed  a  saturated  muriatic  solution  of  man- 
ganese with  some  nitric  acid,  evaporated  it  to  the  consistence  of 
a  ttuck  syrup,  diluted  it  with  much  water,  saturated  the  excess 
of  acid  with  some  potash,  and  left  in  the  solution,  for  24  hours, 
a  polished  plate  of  iron,  in  order  to  separate  the.  copper  which 
it  contained  as  completely  as  possible.  The  solution  being  now 
filtrated,  I  dropped  mto  it  a  little  more  potash,  to  occasion  a  com- 
mencement of  precipitation.  The  solution,  thus  rendered  a 
little  muddy,  was  treated  with  a  neutral  solution  of  oxalate  of 
potash  as  long  as  any  iron  continued  to  precipitate.  The  vessel 
wag  then  kept  (or  24  hours  in  a  moderate  heat,  to  enable  the 
precipitate  the  better  to  separate  from  the  liquid.  The  solution 
contained  lead  (as  was  before  mentioned).  This  was  easily 
^thrown  down  by  means  of  sulphate  of  soda,  and  the  resulting 
julphate  of  lead  was  reduced  upon  charcoal  by  means  of  the 
blowpipe. 

When  the  process  described  in  the  last  paragraph  is  attentively 
observed,  we  find  that  the  peculiar  yellowish  red  or  brownish 
colour  which  the  solution  of  manganese  containing  iron  or  mu- 
riatic acid  at  first  has,  gradually  disappears  in  proportion  as  the 
iron  is  precipitated.  When  the  liquid  is  concentrated,  indeed, 
it  assumes  a  peach  blossom  red  colour ;  but  when  diluted^  it 
becomes  as  colourless  as  water. 

When  prussiate  of  soda  is  dropped  into  the  solution,  the  oxide 
of  manganese,  when  no  copper  happens  to  be  present,  is  thrown 
down  of  a  snow-white  colour,  which  does  not  change,  though 
left  exposed  to  the  air  for  days.  Infusion  of  nutgalls  occasions 
no  precipitate.  When  the  solution  contains  copper,  the  precipi- 
tate is  peach  blossom  red,  or  crimson  red,  according  to  the  pro- 
portion of  that  metal  present.  When  the  least  quantity  of  aijiy 
solution  containing  iron  is  dropped  in,  the  precipitate  has  always 
a  shade  of  blue. 

To  free  the  oxide  of  manganese  completely  from  copper, 
which  is  not  fully  accomplished  by  the  preceding  treatment  with 
iron,  it  is  not  sufficient  to  precipitate  the  oxide  with  carbonate  of 
ammonia,  and  to  digest  the  prefcipitate  in  liquid  ammonia.  The 
affinity  between  the  oxides  of  copper  and  manganese  is  so  great 
that  they  cannq^t  be  separated  from  each  other  by  means  of  am- 
monia. Even  after  repeating  this  process  four  times  successively 
upon  the  same  oxide,  1  found  that  it  still  retained  a  portion  of 
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copper ;  for  prussiate  of  soda  always  threw  down  a  reddish  pre- 
cipitate. 

When  the  ammonia  is  evaporated,  it  soon  acquires  a  blue 
colour,  in  consequence  of  the  copper  which  it  contains.  By 
degrees  a  blutsli  white  powder  falls  down,  wliich  is  a  triple  com* 
pound  of  carbonic  acid,  and  the  oxides  of  copper  and  manga-* 
nese.  CarlK>nate  of  ammonia  dissolves  alnrtost  nothing  of  pure 
carbonate  of  manganese ;  but  if  copper  be  present,  the  latter 
becomes  at  least  partly  soluble  in  the  ammonia,  but  yet  in  such 
a  manner  that  a  portion  of  the  manganese  is  dissolved  at^e 
same  time. 

This  separation  of  carbonate  of  copper-and-mangancse  during 
the  evaporation  of  the  liquid,  though  1  had  previously  endea* 
▼oured  to  throw  down  the  whole  of  the  copper  by  means  of  an 
iron  pl.tte,  gave  me  considerable  trouble.     . 

To  obtain  a  coniplere  separatic»»  of  the  copper  from  the  oxida 
of  manganese,  1  threw  down  the  whole  oxides  from  the  muriatic 
solution  by  mea^is  of  carbonate  of  ammonia,  washed  the  preci- 
pitate well  with  ammonia  and  water,  and  then  dissolved  it  in 
sulphuric  acid.  To  this  solution,  previously  tendered  quite 
neutral,  I  added  a  portion  of  carbonate  of  potash,  or  of  ammo- 
nia, digested  the  whole  for  some  time,  and  then  separated  the 
resulting  precipitate,  which  consisted  of  oxides  of  copper  and 
manganese,  by  means  of  the  filter. 

In  this  manner  was  the  copper  completely  separated,  which  af 
first,  as  1  had  convinced  myself,  precipitated  in  cbmbinati>  n  with 
the  oxide  of  manganese.  The  clear  soluticm  freed  ftiym  the 
precipitate  was  completely  decomposed  by  carbonate  of  ammonia. 
The  precipitate  washed  and  collected  was  consid^^red  as  pore 
carbonate  of  manganese,  pro|;er  for  chemical  expierimeiits; 
for  I  had  previously  ascertained  that  the  ore  contained  n[d 
alumina. 

1'his  carbonate  of  manganese,  prepared  and  purified  in  Ihtf' 
manner  above  described^  1  employed  in  my  experiments. 

II.  Reduction  of  the  Oxide  of  Manganese, 

The  difficult  fusion  of  this  metal,  and  the  property  which  if 
has  of  running  into  a  glass  when  the  oxide  is  brought  in  conta'ct 
with  a  flux,  or  w!)en  the  oxide  employed  for  reduction  comes  in 
contact  with  the  sides  of  the  vessel,  for  a  long  time  prevented 
chemists  from  supplying  themselves  with  it  in  any  quantity,  and 
from  accurately  determining  its  relation  to  other  bodies,  and  thcf' 
proportion  of  oxygen  with  which  it  is  combined,  either  in  difie- 
rent  native  contpounds  or  artificial  products. 

Another  inconveniency  which  occurs  in  the  reduction  of  this 
metal,  and  which  is  a  consequence  of  its  difficult  fusibility^  coo-  - 
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jsists  in  tjlj^/difficulty  of  uniting  into  a  button  the  particles  of  it 
after  they  are  reduced  into  the  metallic  state. 

Gahn-s  and  BeTgman's  method  of  performing  the  reduction  of 
the  metal  in  a  crucible  lined  with  charcoal^  is,  as  I  have  satisfied 
myself,  the  only  one  that  succeeds.  But  in  order  to  be  free 
from  the  inconveniency  of  either  procuring  imperfect  grains,  or 
of  obtaining  them  exceedingly  small,  some  contrivances  are 
necessary,  with  which  these  chemists  were  unacquainted,  and 
upon  which  the  success  of  the  experiment  entirely  depends. 

I  repeated  this  difficult  experiment  more  than  ten  times  before 
I  obtained  a  result  not  merely  accidentally  successful,  but 
which  constantly  turns  out  the  same  after  the  same  preparation. 

Whether  manganese  reduced  by  means  of  charcoal  be  in  a 
state,  chemically  speaking,  pure,  is  a  question  that  remains  to 
be  answered ;  but  before  I  state  my  doubts  on  the  subject,  I  shall 
give  a  description  of  the  method  of  reducing  manganese,  which 
r  found  successful. 

I  lined  a  Hessian  crucible  somewhat  more  than  six  inches 
high  within,  with  a  paste  composed  of  a  small  quantity  of  claj 
mixed  with  precipitated  silica,  a  great  proportion  of  charcoal^ 
and  the  requisite  quantity  of  water.  The  paste  was  laid  on  to 
the  thickness  of  half  an  inch  every  where,  except  at  the  bottom, 
where  it  was  thicker.  1  now  with  my  hands  forced  in  as  mdch 
charcoal  into  the  wet  mass  as  the  crucible  would  take  up,  leaving 
a  conical  hole  in  the  middle,  dried  the  crucible  for  some  days  in 
a  mo<jlerate  warmth,  and  then  heated  it  thoroughly  red-hot. 

i  lieated  the  carbonated  oxide,  destined  for  the  experiment, 
dtt^npg  an  hour  in  a  covered  crucible,  in  order  to  drive  off  the 
tfurbonic  acid,  and  rubbed  the  light  brown  oxide  obtained  with 
oil  Id  a  paste.  I  then  destroyed  the  oil  by  the  application  of  a 
moderate  heat.  This  process,  the  object  of  which  was  to  mix 
the  oxide  intimately  with  the  charcoal  of  the  oil,  1  repeated  once 
more.  At  last  I  rubbed  to  a  fine  |K>wder  the  oxide  thus  treated 
with  oil,  and  reduced  it  with  as  little  oil  as  possible  in  a  mortar 
to  a  firm  mass.  This  I  formed  into  the  shape  of  the  cavity  in 
the  crucible,  into  which  I  introduced  it,  and  filled  up  all  the 
interval  with  charcoal  powder.  The  whole  was  then  exposed  to 
a  moderate  heat  for  half  an  hour.  A  cover  was  now  put  upon 
the  crucible ;  it  was  placed  among  burning  coalsf  in  order  to  be 
heated  equably  and  gradually.  Then  it  was  suddenly  exposed  for 
an  hour  and  a  half  to  as  strong  a  fire  as  the  crucible  could  bear 
without  melting. 

By  this  process  I  obtained  from  830  grains  of  carbonated ' 
oxide,  350  grains  of  the  pure  metal ;  so  that  the  loss,  as  will 
appear  from  what  follows,  was  very  small ;  and  in  experiments  of 
dbis  nature  some  loss  is  not  to  be  avoided. 
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III.  Properties  of  Metallic  Manganese. 

It  has  a  silver  white  colour  inclining  to  grey ;  the  colouf  of 
brittle  cast-iron.  In  the  open  air  it  emits  a  peculiar  smelly  not 
very  unlike  that  of  rancid  fat. 

Its  lustre  is  not  remarkably  great. 

Its  fracture  is  uneven,  and  very  fine  granular. 

It  is  not  so  hard  as  cast-iron,  and  easily  yields  to  the  file. 

In  point  of  brittleness  it  approaches  cast-iron. 

Mr.  G.  O.  B.  R.  Karsten  and  myself  found  its  specific  gravity 
8-013. 

It  is  not  attracted  by  the  magnet;  but  a  very  small  quantity  df 
iron  renders  it  magnetic. 

When  the  metal  is  completely  free  from  iron  and  copper  it 
changes  instantly  in  the  air,  and  therefore  cannot  be  preserved. 
It  becomes  immediately  yellow  and  violet,  and  speedily  crumbles 
into  a  light  brown  powder,  which  soon  becomes  darker.  Evea 
in  alcohol,  in  which  I  have  attempted  to  preserve  it,  the  pure 
metal  speedily  crumbles  down  to  powder.  This  unpleasant  expe*- 
riment  I  have  made  more  than  once,  to  my  s(»rrow. 

It  is  best  preserved  in  a  vessel  completely  filled  with  quick- 
silver, and  covered  over  with  another  vessel.  It  appears,  how** 
ever,  that  the  metal,  through  length  of  time,  amalgamates  witk 
the  quicksilver,  especially  when  it  is  only  in  small  quantity;  at 
least  the  quicksilver  acquires  a  very  thick  firm  skin.  I  shall 
examine  this  subject  more  accurately  hereafter. 

It  seems  not  improper  to  say  a  few  words  in  this  place  about 
9iative  manganese^  said  to  have  been  found  by  some  mineral- 
ogists. Picot  la  Peyrouse,  in  the  Memoires  de  Toulouse,  t.  i. 
p.  256,  says,  that  he  found  it  on  the  mountain  Ranciey  iu  the 
valley  of  Fiederose^  not  far  from  the  village  of  Seni,  in  the 
cidevant  county  of  Foix.  Most  mineralogists  and  chemists  have 
combated  his  assertion,  and  have  grounded  their  opinion  upon 
the  rapidity  with  which  artificially  prepared  manganese  alters 
when  exposed  to  the  air.  I  am,  however,  of  opinion,  that 
manganese  may  exist  native  provided  it  be  in  combination  with 
other  metals ;  for  I  found  that  when  during  my  experiments  a 
portion  of  iron  (derived  from  the  pitcoal  with  which  1  sometimes 
filled  up  the  crucible)  had  united  itself  with  the  reduced  manga- 
nese, in  such  cases  the  resulting  regulus  was  not  altered  by  ex- 
posure to  the  air,  and  might  be  kept  in  an  open  vessel  without 
undergoing  any  farther  change.  In  this  state  it  possessed  a  small 
.  degree  of  malleability,  and  was  attracted  by  the  magnet. 

If  the  pure  manganese  be  left  for  some  days  in  contact  with 
the  charcoal,  it  attracts  the  oxygen  of  the  charcoal  (?),  and  falls 
down  in  the  state  of  a  brown  powder.    Thi«  ready  oxydation  at 
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a  low  temperature  makes  it  necessary,  after  the  reduction  of  the 
metal^  to  break  the  crucible  while  still  warm,  in  order  as  soon 
as  possible  to  put  an  end  to  the  action  of  the  charcoal  on,  the 
metal.  This  interesting  experiment'I  made,  without  expecting  iU 
with  the  loss  of  the  whole  of  the  regulus  which  I  had  reduced.  I 

Serformed  the  process  in  the  porcelain  furnace  at  Berlin ;  and 
ecause  it  was  necessary  to  continue  the  heat  of  the  furnace,  I 
left  my  crucible  in  it  for  two  days  after  the  fire  was  withdrawn. 

The  metal  takes  oxygen  froni  the  dark  brown  dxide^  and 
changes  it  into  light  brown. 

It  may  be  fused  with  borax  without  any  of  it  dissolving  in  the 
•alt.  If  this  experiment  ii  performed  in  a  charcoal  crucible,  the 
manganese  shows  a  quite  different  nature.  It  requires  a  much 
less  degree  of  heat  than  when  the  metal  and  salt  are  fused  alone, 
and  the  glass  of  borax  appears  to  dissolve  a  very  small  portion  of 
the  metal. 

Manganese,  when  fused  with  borax,  acquires  quite  the  exter- 
nal appearance  of  tellurium ;  the  colour,  the  lustre,  and  the  fine 
granular  distinct  concretions.  These  last  show  a  truly  regular 
crystalline  structure. 

Manganese,  ftised  simply  with  charcoal,  leaves  behind  it^ 
when  it  is  dissolved  in  acids,  a  portion  of  charcoal,  which  had 
been  in  combination  with  the  metal,  as  is  the  case  in  cast-iron. 
If  the  oiide,  before  its  reduction  to  the  metallic  state,  contained 
iron,  in  that  case  the  residuum  of  charcoal  becomes  more  con- 
spicuous. When  the  manganese  is  pure  it  scarcely  amounts  to 
OOl. 

Manganese,  fused  with  borax,  undergoes  an  alteration,  when 
exposed  to  the  air,  with  still  greater  facility  j  and  when  dissolved 
in  acids,  it  leaves  no  charcoal  behind  it. 

IV.  Action  of  Carbonic  Acid  on  Manganese. 

(A.)  On  the  metal. — Carbonic  acid  exhibits  very  interesting 
r^lts  on  the  oxidation  of  manganese.  The  same  thing  un- 
doubtedly would  happen  with  all  acids,  if  their  action  upon 
the  regenerated  oxide  could  be  retarded  by  means  of  any  medium. 
It  b  ascertained  that  all  metals  before  their  solution  in  acids  must 
be  converted  into  oxides,  without  which  they  cannot  form  me- 
tallic salts.  Now  in  very  few  cases  does  this  oxide  become  ma- 
nifest to  our  senses.  The  rapid  or  instantaneous  action  of  the 
acid  upon  the  oxide  makes  that  impossible,  and  we  conclude  only 
from  the  gases  disengaged  (which  being  either  hydrogen  or 
imperfect  acids,  are  bodies  that  have  lost  oxygen,)  that  an  oxi- 
dation of  the  metal  has  taken  place.     . 

I  will  show  hereafter  that  some  vegetable  acids,  which  do  not 
act  so  rapidly  upon  the  regenerated  oxide^  constitute  an  excep- 
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tion  to  this  observation.  This  u  the  case^  in  an  especial  manner^ 
with  carb  mic  acid. 

If  some  metallic  mai^nese  in  the  state  of  powder  be  thrown 
into  water  impregnated  with  carbonic  acid^  and  the  vessel  be 
left  for  some  days  covered  up^  we  shall  find  the  metal^  upon 
examination,  changed  into  a  green  oxide.  If  we  allow  the 
vessel  to  continue  untouched  for  some  weeks,  the  oxide  (prof 
vided  the  quantity  of  carbonic  acid  be  sufficient)  is  changed  int» 
white  carbonate  of  manganese ;  and  remains  for  the  greatest  part 
at  the  bottom  of  the  vessel  in  that  state.  Only  a  small,  portion 
of  it  is  dissolved  in  the  water. 

Carbonic  acid  gas  acts  in  the  same  manner  upon  the  meta).  I 
placed  a  small  porcelain  vessel,  containing  some  powd^ed  man-r 
ganese,  in  a  large  receiver,  free  from  water,  and  filled  with  oar* 
bonic  acid  ^,  and  let  it  remain  eight  days.  The  metal  was 
converted  into  green  oxide,  and  some  days  after  contained  white 
carbonate  of  manganese  mixed  with  it.  This  peculiar  oxidati(m 
of  manganese  appeared  at  first  truly  astonishing.  Wf»  the 
carbonic  acid  decomposed,  and  was  the  oxidation  produced  by  its 
giving  out  oxygen  to  the  metal  ?  Not  a  single  drop  of  water 
was  perceptible  in  the  receiver,  to  which  we  could  have  ascribed 
the  change.  Or  was  it  produced  by  a  portion  of  water  mixed 
with  the  gas  in  the  state  of  vapour?  The  last  opinion  seems 
most  probable,  and  will  have  the  greatest  number  of  supporters. 
But  is  the  first  opinion  quite  improbable  ?  I  sliall  not  venture  to 
adopt  it  till  a  decisive  method  of  ascertaining  when  a  gas  is  free 
from  water  shall  have  convinced  me  that  the  last  opinion  is  in^^ 
consistent  with  truth. 

.  (B.)  On  the  brown  oxide. — Manganese,  which  fiiom  exposure 
to  the  air  has  been  changed  into  a  light  brown  oxide,  is  alae 
altered  by  carbonic  acid,  and  partly  converted  into  carbonate  of 
manganese.  I  put  the  oxide  into  a  small  glass,  and  suspended  it 
for  some  weeks  in  a  large  flask  filled  with  carbonic  acid  gas.  At 
the  end  of  that  time  it  had  assumed  a  greyish  brown  colour* 
Nitric  acid  "disengaged  from  it  carbonic  acid  gas,  dissolved  a 
portion  of  it,  and  left  another  portion  in  tlie  state  of  black  oxide^ 
From  this  I  conclude  that,  from  the  action  of  the  carbonic  aci^ 
one  portion  of  the  brown  oxide  had  given  out  oxygen  to  another 
portion,  and  had  thus  converted  it  into  black  oxide,  while  the 
portion  deprived  of  a  part  of  its  oxygen  combined  with  the  car^ 
bonic  acid. 

Remarks  on  the  Carlonate  of  Manganese. 

All  solutions  of  the  salts  of  manganese  are  precipitated  by  the 
alkaline  carbonates.  When  the  protoxide  of  manganese  is 
thrown  down  in  this  manner,  we  obtain  a  snow  white  precipitate^ 
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wfafch  M  pare  carbonate  of  manganese,  and  aoi^hi  perfectly  tb 
diat  mentioned  above. 

There  b  only  one  eoknbinatlo&'of  ciarbmiic  acid  and  manga* 
nese,  that,  namely,  in  which  the  metal  is  in  the  state  of  prot'- 
txide.  When  we  endeavchif  to  increase  the  proportion  6t 
oxygen,  as,  for  example,  by  the  application  of  heat,  a  portiofi 
of  the  carbonic  acid  is*  disengaged,  and  the  whole  peroxide  pro^ 
duced  remains  behind  when  we  attempt  to  dissolve  the  darbonate 
in  an  acid. 

Carbonate  of  manganese,  which  has  a  reddish  yellow  or  browA 
colour,  and  yet  contains  no  other  metal  mixed  with  it,  must 
therefore  be  considered  as  a  mixture  of  brown  oxide  and  car- 
beeate  of  manganese. 

When  oxymuriatic  acid  is  brought  in  contact  with  carbonatis 
of  manganese,  the  carbonic  acid  separates  in  the  same  propor- 
tion in  which  the  oxymuriatic  acid  is  decomposed  and  manganese 
oaqrdated.  A  solution  of  manganese  in  muriatic  acidj  though 
mixed  with  abundance  of  oxymuriatic  acid,  is.  precipitated,  it  h 
troe^-  by  the  alkaline  carbonates ;  but  thb  brown  or  black  preci- 
pitate in  that  case  consists  (obviously  at  the  expense  of  the 
Qxjrgen  in  the  oxymuriatic  acid)  of  pure  oxide,  without  the 
sisialiest  portion  of  carbonic  acid.  Neither  precipitate  renders 
Ume-water  in  the  least  muddy  when  it  is  treated  with  an  acid  in 
a  small  Woulfe's  bottle,  furnished  with  a  bent  tube,  the  extre-^ 
mity  of  which  passes  into  the  lime-water. 

rune  carbonate  of  manganese  appears  in  the  state  of  a  soft 
anow-white  powder. 

It  is  qtiite  tasteless,  and  is  not  altered  in  the  air  at  a  tempera- 
ture between' 55^  and  60^.  Hence  it  may  be  kept  with  perfect 
aafe^  in  a  cldise  vessel. 

I  have  found  that  it  may  with  safety  be  dried  in  the  tempera^ . 
ture  of  80^,  without  either  attracting  more  oxygen,  or  losing 
any  of  its  carbonic  acid.  As  I  very  frequently  determine  the 
quantity  of  -  pure  oxide  in  salts  of  this  nature  by  the  quantity  of 
carbonate,  I  chose,  in  order  to  avoid  all  inconvenience  arising 
from  the  presence-  of  a  greater  or  smaller  quantity  of  water  in 
such  carbonates,  to  dry  them  always  at  the  temperature  of  80°. 
The  pure  alkalies  decompose  the  carbonate  of  manganese,  com- 
bine with  the  acid,  and  the  white  oxide,  by  exposure  to  theair^ 
attracts  oxygen,  and  becomes  brown.  ^  ^ 

Carbonate  of  manganese  may  be  considered  as  insoluble  in 
water,  since  eight  ounces  of  that  liquid  scarcely  dissolve  half  a 
grain  of  it.  Even  water  impregnated  with  carbonic  acid  gas 
dissolves  it  only  in  very  minute  quantity,  though  recently  preci- 
pitated, and  still  moist.  Eight  ounces^  of  water,  a^  strongly 
impregnated  with  carbonic  acid  as  possible,  dissolved  scarcely 
one  grain  of  carbonate.    To  choose  carbonic  acid  as  a  medium 
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to  separate  manganese  in  solution  from  other  substances  with 
whicli  it  is  in  combination^  as  has  been  proposed  by  some  che- 
mists^ is  therefore  in  the  highest  degree  improper.  When  water 
containing  the  greatest  possible  quantity  of  carbonate  of  manga- 
nese in  solution  is  exposed  to  the  air,  it  can  hardly  be  said  to 
cover  itself  with  a  skin.  This  erroneous  opinion  has  probably 
originated  from  confounding  manganese  with  magnesia.  When 
a  solution  of  manganese  in  an  acid  (the  acid  being  in  excess)  is 
decomposed  by  a  carbonated  alkali,  and  the  filtered  liquid  is 
diluted  with  water,  if  it  be  left  exposed  to  the  air,  or  placed  in 
an  artificia.1  warmth,  it  is  soon  covered  all  over  with  a  thin  skin; 
but  it  is  impossible  from  this  to  estimate  the  qualities  of  carbo- 
nate of  manganese,  or  to  conclude  its  great  solubility  in  car- 
bonic acid  water ;  for  when  this  skin  is  accurately  examined,  we 
£nd  that  it  is  a  salt  composed  of  carbonic  acid,  oxide  of  man- 
ganese, the  alkali  employed  in  producing  the  precipitation,  and 
probably  of  the  acid  likewise  in  which  the  metal  was  previously 
dissolved. 

In  order  to  precipitate  manganese  completely  from  a  solution, 
it  is  necessary  that  there  should  be  no  excess  of  acid  present. 
Only  the  neutral  solutions  are  completely  decomposible. 

The  fat  oils  dissolve  carbonate  of  manganese  by  the  applica- 
tion  of  heat,  and  form  with  it  a  compound  having  the  consistence 
of  plaster.     This  observation  was  first  made  by  Scheele. 

Estimaie  of  the  Proportion  of  the  Constituents  of  Carlonate  of 

Manganese.  , 

I  first  estimated,  by  dissolving  a  hundred  grains  of  carbpjnate 
of  manganese,  the  loss  of  weight  sustained  by  the  escape  of 
carbonic  acid.  By  this  method  I  deterniined  the  proportion  of 
acid  to  amopnt  to  34'25  per  cent. 

To  determine  the  otlier  constituents,  I  filled  a  very  small  good 
coated  retort  with  carbonate  of  manganese,  of  which  120  grains 
were  requisite.  The  beak  of  the  retort  passed  into  a  glass  ball^ 
from  which  proceeded  a  tube  to  allow  the  gas  to  escape.  By  the 
application  of  a  heat,  at  first  gentle,  but  gradually  so  high  as  to 
make  the  retort  red-hot,  the  gas  and  the  water  were  expelled 
from  the  salt.  After  continuing  a  red  heat  for  two  hours,  the 
apparatus  was  taken  to  pieces,  and  the  weight  of  the  difierent 
products  obtained  determined.  The  water  in  the  glass  ball 
weighed  12  grains ;  and  the  oxide  remaining  in  the  retort,  and- 
which  had  acquired  a  greenish  grey  colour,  weighed  6^  grains. 

If  we  subtract  the  weight  of  the  oxide  and  water  thus  obtained 
from  the  120  grains  employed  in  the  experiment,  there  remains 
a  loss  of  4 1  grains.  As  the  gas  which  made  its  escape  during 
the  distillation  was  pure  carbonic  acid,  this  loss  gives  us  41 
i;rains  for  the  amount  of  that  acid  in  the  salt.    This  agrees  very 
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nearly  with  the  result  of  the  first  experiment,  according  to  which 
100  grains  of  carbonate  of  manganese  contain  34*25  grains  of 
carbonic  dcid. 

One  hundred  grains  of  the  salt  are  composed  of  the  following ' 
constituents : — 

iProtoxide  of  manganese 55*84 

Water , 1000 

Carbonic  acid  ...;...•• 34*16 


100*00 


The  greenish  grey  oxide  thus  obtained  dissolves  in  acids  with- 
out the  extrication  of  any  gas,  and  the  same  compound  is 
obtained  as  would  have  been  got  by  the  solution  of  the  carbonate 
in  the  s^me  acid.  Hence  it  is  to  be  looked  upon  as  the  real 
base  of  the  salt;  and  the  white  powder,  which  appears  when 
manganese  is  precipitated  by  an  alkali,  must  be  considered  as  a 
hydrate,  or  an  oxide  still  combined  with  a  portion  of  acid. 

V.  Action  of  Sulphuric  Add  on  Manganese. 

(A.)  On  the  metal. — ^The  action  of  concentrated  sulphuric 
acid  upon  manganese  in  the  metallic  state  is  very  inconsiderable. 
It  produces  some  heat,  and  a  small  portion  of  the  metal  is 
dissolved.  Several  chemists,  it  is  true,  are  of  opinion  that  the 
solution  takes  place  very  readily ;  but  I  conclude,  upon  very  good 
grounds,  that  the  regulus  which  they  employed  was  not  quite  in 
the  metallic  state,  but  contained  some  oxygen  combined  with  it.- 

When  the  acid  is  diluted  with  water,  heat  is  evolved,  and 
hydrogen  gas  disengaged,  which  has  a  very  peculiar  smell, 
similar  to  that  of  asafoetida.    This  smell  is  probably  owing  to  a 

Krtion  of  the  metal  being  carried  oflf  in  solution  in  the  gas. 
uing  the  solution  the  liquid  assumes  a  green  colour,  which 
disappears  when  the  acid  ceases  to  act  upon  the  metal.  This 
appearance  probably  depends  upon  the  formation  of  green  oxide^ 
as  when  carbonic  acid  acts  upon  the  metal. 

The  concentrated  solution  has  a  light  rose-red  colour ;  and 
when  it  is  diluted  with  water,  the  colour  becomes  insensible.  I 
have  never  been  able  to  procure  colourless  crystals  from  thiS' 
cOleuriess  solution.  Indeed,  as  the  metal  which  is  oxydated  at 
the  expense  of  the  water  gives  at  first  a  coloured  liquid,  it  is  not 
reasonable  to  expect  colouriess  crystals  of  sulphate  of  manganese. 

190  grains  of  concentrated  sulphuric  acid,  of  the  specific^ 
gravity  1*860,  required  for  neutralization  100^  grains  of  metallic 
manganese.  The  filtered  solution  (which  left  f  grains  of  black, 
brilliant,  minutely  divided,  charcoal,)  gave>  when  decomposed 
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bj  earbonate  of  ammonia,*  205|-  grains  of  carbontttt  of  man- 
ganese dried  at  the  temperature  of  80^. 

From  this  experiment  it  follows,  that  100  parts  of  carbonate 
of  manganese  consist  of 

Metal. •; 48-60 

Acid 7 

Water >   51-40 

Oxygen 3 

100-00 

(B.)  On  the  protoxide. — Both  the  pure  protoxide  and  tbe 
carbonate  of  manganese  dissolve  completely  in  sulphuric  acid,  in 
lyhatever  state  of  concentration  it  be.  The  solution  has  the' 
same  properties  as  that  mentioned  in  the  last  paragraph,  and' 
what  I  now  say  of  it  may,  to  save  repetition,  be  applied  to  both. 

When  the  neutral  solution  is  rapidly  e\aporatea,  the  sulphate 
of  manganese  separate  in  the  state  of  a  granular  powder,  or 
embryo  crystals ;  and  no  crystals  are  obtained  during  the  cooHnr 
of  the  liquid.  To  obtain  this  salt  in  the  state  of  regular  crystal!  - 
the  saturated  solution  must  be  left  to  spontaneous  evaporation.  I 
gained  the  same  object  more  speedily  by  means  of  some  crystab 
of  sulphate  of  manganese,  which  I  introduced  into  a  solution 
concentrated,  as  &r  as  possible^  by.  rapid  evaporation.  I  then 
placed  the  solution  for  farther  evaporation  upon  the  top  of  a 
stove,  where  the  temperature  waa  between  6o**  and  7^®.  By 
this  contrivance  I  reduced  the  whole  salt,  without  exception^,  to 
a  regular  state. 

The  crystals  of  sulphate  of  manganese  which  first  shoot' 
are  of  a  faint  rose«red  colour.  Tlie  last  cryst^  have  a  white 
colour,  and  contain  a  great  excess  of  acid. 

Properties  of  crystallized  Sulphate  of  Manganese. 

.  It  crystallizes,  1.  In  very  broad  flat  four-sided  prisms,  either, 
complete,  or  slightly  truncated  on  the  alternate  edges  of  the 
sides.  The  crystals  are  usually  more  or  less  intermixed  with  each 
other,  and  hence  incomplete.    2.  In  rhombs. 

''I  he  crystals  are  completely  transparent,  have  a  light  rQse*redl 
Colour,  and  a  bitterish  metallic  taste.* 

At  the  temperature  of  55®  they  remain  unaltered  iii  the  air, 
and  do  not  attract  QH>re  oxygen  evep  when  left  in  contact  witiL 
oxygen  gas.  At  the  same  temperature,  2^  parts  of  water  dissolve, 
I  |>art  of  the  salt.    They  are  mspluble  in  alcohol. 

*  I  ft1wA3rt  took  cure  to  coiTince  myself  bv  repeated  fxperimoatt  tihal  a» 
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Their  specific  gravity  amounts  to  1*834^  tlmt  of  water  being 
1-000. 

.,  At  the  temperature  of  .66^  they  become  opake  and  white. 

*^  When  the  crystals  are  heated  to  redness  in  a  coated  retort, 
they  lose  their  water  of  crystallization^  and  a  white  dry  mass 
remains  in  the  retort,  which  dissolves  in  water  by  the  assistance 
of  heat.  When  the  fire  is  raised  so  high  a$  to  melt  the.retort, 
an  imperfect  decomposition  of  the  salt  is  obtained.  Sulphurous 
acid  is  disengaged^  and  some  glaceous  sulphuric  acid  is  found  in 
the  receiver.  There  remains  in  the  retort  a  mi&tur^  of  sulphate 
of  manganese,  and  of  brown  oxide. 

:  The  aqueous  solution  of  sulphate  of  manganese  is  neither  pre* 
dpitated  by  oxalate  of  potash  nor  borate  of  soda.  Some  che* 
mwts,  indeed,  have  obtained  a  precipitate  by  means  of  this  last 
salt,  consisting,  as  they  say,  of  borate  of  manganese ;  but  this 
only  happens  whep  the  borate  used  contains  an  excess  of  alkali^ 
u  is  ^he  case  with  the  borax  of  commerce.  Pure  tartaric  acid 
jtfoduces  no  precipitate  in  this  solution.  When  the  liquid  into 
whicli  this  acid  ha»  been  poured  is  evaporated  sufficiently,  pris- 
i^tic  crystals  make  the^r  appearance,  wnich  have  the  properties  of 
sulphate  of  manganese.  Infusion  of  nutgalls,  and  the  alkaliqie 
cbfciHiates  and  arseniates,  produce  no  change  upon  the  solution 
of  fiulphate  of  manganese. 

The  solution  is  precipitated  by  the  alkaline  prussiates,  car- 
bonates, and  phosphates,  and  a  white  powder  is  obtained,  con- 
sisting of  the  oxide  of  manganese  united  with  the  acid  of  the 
salt  employed.  If  the  sulphate  of  manganese  contains  the 
smallest  portion  of  copper,  the  precipitate,  formed  by  the  action 
^  an  alkaline  prussiate  faasa  peach-blossom  red  colour. 

Estimate  of  the  Proportion  of  the  Constituents. 

^  One  hundred  and  fifty  grains  of  the  salt  were  dissolved  in 
water,  and  decomposed,  while  hot,  by  means  of  muriate  of 
manganese.  The  sulphate  of  barytes  which  separated  was  caxe^ 
fully  collected,  washed,  dried,  and  heated  to  redness.  It  weighed 
148^  grains.  As  it  appears  from  Klaproth's  late  experiments 
ihat  the  proportion  of  acid  in  dry  sulphate  of  barytes  amounts  to 
84  per  cent.,  it  follows  that  14jBj^  grains  of  the  salt  contain  50|. 
grains  of  acid. 

The  solution  of  manganese  thus  freed  from  sulphuric  acid  was 
precipitated  by  means  of  carbonate  pf  ix>tash.  The  precipitate, 
collected,  washed,  and  dried  at  the  teojpejrature  of  80°,  weighed 
8S^  grains,  which,  from  the  preceding  e^peritnents  on  the 
eomposition  of  carbonate  of  manganese,  indicate  46^  grains  of 
protoxide. 
Aa  the  53  grains  of  loss  must  be  iosputed  to  the  water    on« 
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tained  in  the  salt,  it  follows  that  100  parts  of  sulphate  of  man- 
ganese consist  of  the  following  constituents : — 

Sulphuric  acid S3-6e> 

Protoxide 31-00 

Water 35-34 

100-00 

(J\>  be  continued,) 


Article  IV. 

Sketch  of  the  present  State  of  Jgriculture  in  Berwickshire. 
By  the  Rev.  J .  Thomson,  Minister  of  Eccles,  in  that  county. 

(Concluded  from  Vol.  I.  p.  265.) 

Fallowing. — In  Berwickshire  the  followiDg  mode  of  fallow- 
ing is  usually  employed.  As  soon  after  harvest  as  possihie  the  land 
that  is  to  be  fallowed  receives  its  first  furrow,  or  ploughing.  Care 
is  taken  that  in  clay  lands  the  ridges  be  sufficiently  high,  that 
the  water  may  run'  off  into  the  furrows  which  are  opened  by  the 

Slough  and  spade,  that  it  may  thence  discharge  itself  into  the 
itches  which  surround  the  inclosure.  This  first  ploughing  is 
considered  as  of  great  utility.  It  buries  the  stubble,  and  thus 
tends  to  convert  it  into  vegetable  soil.  It  leaves  the  field  in  as 
dry  a  state  as  possible  ;  and  the  winter  frosts  pulverize  the  soil. 
This  ploughing  is  generally  made  as  deep  as  possible,  because 
the  plough,  on  account  of  the  softness  of  the  soil,  can  then 
easily  penetrate  to  the  proper  depth.  Thus,  also,  the  future 
ploughings  are  rendered  easier. 

The  second  ploughing  is  seldom  given  till  the  oats  be  sown, 
and  sometimes  also  the  barley.    If  the  land  abound  with  weeds^ 
such  as  couch-grass,  and  the  season  be  dry ;  then  it  is  well 
harrowed,  and  the  couch-grass  is  gathered  by  the  hand,  and  laid 
up  in  heaps.    These  heaps  are  afterwards  led  off  the  field,  and 
mixed  with  lime,  or  lime  and  stable  manure,  and  thus  form  an 
excellent  compost.     It  is  of  great  advantage  that  couch  grasa» 
should  be  gathered  as  early  in  the  season  as  possible  before  it 
begins  to  grow,  because  it  can  be  done  both  more  easily  and  more 
completely  when  the  soil  has  been  pulverized  by  the  winter  frosts 
than  afterwards :  but  if  the  season  be  wet,  the  land  cannot  be 
sufficiently  harrowed,  nor  the  couch  grass  gathered,  till  the  third 
ploughing. 

The  third  ploughing  takes  place  when  it  is  supposed  aU  the 
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•        ** 
^^^eds  have  vegetated,  but  not  attained  such  growth  as  to  impo- 

^^Yish  the  soil.  Then  the  whole  is  well  harrowed,  and  the  couch 

again  gathered. 

The  fourth  and  fifth  ploughings  are  given  after  such  intervals 

may  give  time  for  the  remaining  weeds  to  show  themselves. 

'he  harrow  again  succeeds  each  ploughing;  and  the  couqh- 

:Tass,  if  any  remain,  is  gathered.     But  if  this  part  of  the  work 

■fc^as  been  properly  attended  to,  after  the  second  and  tliird  plough* 

S^ng,  few  weeds,  except  annuals,  will  now  remain.     More  than 

"five  ploughings  are  frequently  given  if  the  soil  has  not  been 

already  sufficiently  cleaned  and  pulverized. 

It  is  to  be  observed,  that  when  the  field  is  very  full  of  large 
clods,  it  may  be  necessary  to  employ  the  roller,  as  clods  are  often 
full  of  weeds.  The  manure  intended  for  the  field,  whether  lime, 
or  compost,  or  muck,  is  put  on  always  at  least  before  the  last 
ploughing ;  but  sometimes  the  muck  is  put  on  before  the  last 
two  ploughings.  We  have  said  nothing  of  the  particular  species 
of  ploughing  given  each  time,  whether  it  is  gathering,  or  cleav- 
ing, or  crossing,  because  the  practice  is  not  uniform ;  but  we 
may  add,  that  it  is  customary  to  plough  across  the  ridges  in  at 
least  two  of  the  ploughings. 

After  fallowing  in  this  manner,  the  wheat  is  sown.  If  the 
season  be  favourable,  that  is,  not  too  wet,  and  the  soil  very  fine, 
it  is  thought  best  to  drill  the  wheat.  This  is  either  done  with  a 
drill  machine,  or  drill  furrows  are  made  with  the  cbmmon  plough 
deprived  of  its  coulter.  The  wheat  is  then  sown  broadcast :  it 
&lls  chiefly  into  the  drill  furrows,  and  after  being  harrowed, 
comes  up  in  regular  drills. 

•Time  of  Sowing. — Winter  wheat  is  sown  from  the  begin- 
ning or  middle  of  September  even  as  late  as  Martinmas,  accord- 
ing to  the  season,  and  the  convenience  of  the  farmer.     After 
fallowing,  from  the  middle  to  the  end  of  September  is  considered 
as  the  properest  time,  when  the  season  is  favourable,  and  the 
work  can  be  overtaken ;  after  potatoes,  as  soon  as  the  crop  is 
taken  up ;  after  Swedish  turnip,  about  Martinmas.    This  season! 
(1812)  a  good  deal  of  wheat  was  sown  in  December.    After  com- 
ipon  turnips,  as  the  ground  is  gradually  cleared,  it  is  sown  in  Ja- 
nuary, February,  and  March,  when  the  weather  is  favourable.  It  is 
then  called  spring  toheat :  and  it  has  been  found,  by  the  expe- 
rience of  several  judicious  farnf>ers,  that  though  the  spring  wheat 
be  the  same  as  the  winter  wheat,  being  the  iriticum  hybermim, 
yet  the  produce  of  what  has  been  sown  in  spring  will,  when  used 
as  seed,  ripen  a  fortnight  earlier  than  the  produce  of  wheat  sown 
in  autumn,  or  before  winter. 

Sketch  of  the  Turnip  Husbandry  of  Bei'wickshire. 
The  introduction  of  turnips  is  one  of  the  most  important 
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improTements  of  modern  husbandry.    No  intelligent  fanner  will 
deny  that  the  cultivation  of  turnips  was  long  kuown  and  prac- 
tised in  Norfolk  before  it  was  adopted  in  Beiwickshire.    Some 
ascribe  the  first  cultivation  of  turnips  in  this  county  to  the  late 
Earl  of  Marcbmont ;  some  to  Mr-  John  Hunter,  who  for  soipe 
time  was  steward  to  the  same  Nobleman  ^  some  to  Mr.  Pringle> 
of  Lees,  near  Coldstream ;  but  it  is  generally  agreed  that  Mr* 
William  Dawson,  formerly  tenant  in  FrQgden,  Roxburghshire^ 
who  is  still  alive,  had  the  chief  merit,  of  introducing  the  drill 
turnip  husbandry  into  this  neighbourhood,  and  of  bringing  it  to. 
its  present  improved  state.    To  allow  this,,  is  to  ascribe  no  small 
lionour  to  Mn  Dawson :  fur  between  the  first  mode  of  cultiva- 
tion, the  broadcast ;  and  the  present,  the  drill  turnip-husbandry^ 
there  is  a  wide  display  of  ingenuity.    The.  broadcast  turnip  has* 
bandry  could  never  be  carried  to  any  great  extent  in  clay  soil^. 
because  it  did  not  admit  the  most  simple,  and  cheap,  and  sys- 
tematic method  of  clearing  the  soil  of  weeds.  .  But  the;  drill 
busbandrv,  while  it  ensures  at  least  as  good  a  crpp,  furnishes  an 
opportunity  of  cleaning  and  pulverizing  the  soil;  of  introducing 
the  cheapest  and  most  efiectual  instrument,  the  plough;  and  (xf 
giving  to  the  hoer  a  dexterity,  a  regularity,  and  a  dispatch^ 
truly  astonishing.   Hence  it  will  be  no  matter  of  surprise  to  any 
to  hear  that  the  broadcast  turnip  husbandry  is  universally  aban- 
doned, and  the  drill  husbandry  firmly  established,  not  only  in 
this,  but  in  all  the  neighbouring  counties. 

Prbparation  of  thb  F1E1.D. — ^Tbe  field  intended  for  tur- 
nips next  season  is  always  ploughed,  if  possible,  after  harvest^ 
that  it  may  be  finely  pulverized  by  the  frost  of  winter.  It 
receives  its  second  ploughing  in  the  spring,  or  beginning  of 
summer,  after  the  oats  and  barley  are  sown,  and  the  potatoes 
planted.  It  is  then  harrowed,  and  the  weeds  are  gathered.  It 
undergoes  a  third,  fourth,  and  fifth  ploughing,  and  as  noany 
harrowings,'  during  the  months  of  May  and  June,  and  the  weecb 
are  repeatedly  gathered,  as  often  as  it  is  found  requisite.  It  is 
also  occasionally  rolled  with  a  heavy  wooden  roller,  in  order  to 
reduce  it  to  powder.  Thus  it  is  treated  exactly  in  the  same  vrw/ 
as  fallow. 

RiDGKs. — The  noost  usual  mode  of  forming  the  surface  of 
land  for  turnips,  is  to  lay  the  ridges  flat ;  but  in  a  clay  sdl,  like 
that  of  the  Merse,  raised  ridges  are  preferable. 

Drills. — The  soil  being  pulverized,  and  cleared  of  weeds, 
the  next  thing  is  to  form  the  whole  surface,  into  drills  with  the 
plough,  at  from  26  to  30  inches  distance  from  one  another. 
This  distance  has  been  found  by  experience  to  be  the  most  con- 
venient, because  it  affords  sufiicient  room  for  the  sustenance  and 
growth  of  the  turnip,  and  alk>ws  the  plough  to  pass  easily 
between  the  drills.    When  the  sur£EK:e  is  ^tfened^  the  field  is 
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often  drilled  obliquely ;  that  is,  the  drills  form  acute  angles  witk 
the  former  ridges.  When  the  ridges  are  raised^  the  drills  axe 
sometimes  drawn  at  rigtu  angles  to  th^  ridges;  but  the  most 
cx>mmon  mode  is  to  niake  the  drills  in  the  same  longitudinal 
direction  as  the  ridges. 

Manuring. — The  drills  being  formed,  the  dung  is  next  car* 
ried  to  tlic  field,  and  spread  in  the  iiirrows.  That  which  is  pro* 
perly  rotten  is  preferred.  The  drills  are  then  ploughed  down 
over  the  dung^  and  new  drills  formed  immediately  above  the. 
dung. 

Sowing. — ^Turnips  are  sown  with  a  drill  plough,  which  drops 
the  seed  in  a  straight  line  on  the  top  of  the  drill.  .  A  small 
harrow  and  sm^U  roller  follow  the  drill  plough,  for  covering  the 
seed,  and  pressing  it  down  gently.  The  seed  is  sown  pretty 
thick,  in  order  to  give  the  greater  certainty  of  a  crop.  Somi^ 
use  drill  ploughs  which  sow  two,  three,  four,  and  even  five  drills, 
at  once :  hut  unless  the  surfoce  of  the  drills  be  perfectly  level, 
such  machines  do  not  perform  the  work  so  correctly  as  a  single 
drill  plough. 

Spkcibs  sowN.^-*The  species  or  varieties  of  turnips  sown  are 
generally  the  yellow,  and  white  or  globe  turnip,  the  root  of[ 
Scarcitv  or  Ruta  Baga,  commonly  called  th^  Swedish  turnip,  a 
plant  classed  by  botanists  under  a  different  genus ;  but  as  the 
Ruta  Baga  is  employed  by  farmers  for  the.same  purpose  as  tur* 
nips,  they  find  no  occasion  for  a  more  scientific  classification. 

TiMK  OF  SOWING. — The  Ruta  Baga  requiring  a  greater 
length  of  time  to  bring  it  to  maturity  than  the  turnip,  is  gene* 
rally  sown  before  the  end  of  May,  when  tlie  season  is  favourable. 
The  yellow  turnip  is  next  sown.  The  best  time  for  sowing  the 
globe  ttimip  is  thought  to  be  from  the  middle  of  June  to  the 
middle  of  July.  The  time  of  sowing  must,  however,  vary» 
according  to  the  season  :  and  those  who  require  immense  fields 
of  turnips  must,  of  course,  begin  earlier  than  those  who  require 
few. 

First  ho£ing. — If  the  weather  be  warm,  and  the  soil  neither 
too  dry  nor  too  wet,  the  seed  vegetates  in  a  few  days.  As  sooo 
as  the  plants  have  attained  sufficient  sti-ength  and  ,size  for  weed**  / 
ing  and  singling,  the  weeding  plough  is  made  to  pass  along 
each  drill,  for  cutting  the  weeds,  and  pulverizing  the  soil  between 
the  drills.  Then  the  hoers  are  set  to  work  to  single  the  turnips, 
to  cut  the  remaining  weeds,  and  pulverize  the  soil  close  to  the 
turnips  on  the  narrow  space  which  the  plough  has  not  touched* 
The  hoes  are  made  of  such  lengih  in  the  iron  part  as  to  serve  as 
measures  for  the  interval  to  be  made  between  every  two  plants : 
and  by  singling  is  meant  having  the  turnijps  single  by  them-, 
selves^  and  cutting  and  destroying  those  on  each  side.    The 
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hoers  are  generally  women  and  children,  accompanied  by  a 
steward,  or  by  the  farmer  himself,  to  superintend  tne  work.  It 
is  wonderful  to  observe  their  dexterity,  their  correctness,  and 
Expedition.  They  push  the  hoe  from  them  across  the  drill, 
destroying  all  the  unnecessary  plants  which  the  hoe  touches;  pull 
it  back  with  the  same  effect,  seldom  leavin^^ore  than  one  plant 
at  every  six  or  eight  inches  distance.  They  go  on  pushing  and 
drawing  alternately  with  the  greatest  agility  and  rapidity ;  so  that 

Jou  would  think,  the  first  time  you  saw  a  number  of  experienced 
oers  at  work,  that  every  plant  would  be  destroyed.  But  when 
you  look  over  the  ground  they  have  passed,  you  see  the  plants 
left  single  at  measured  distances,  lying  on  their  sides,  connected 
with  the  ground  only  by  a  single  fibre.  Even  then  an  unexpe- 
rienced person  would  think  they  could  never  recover  themselves. 
In  a  few  days,  however,  they  are  raised  erect,  by  the  power  of 
vegetation,  and  assume  a  vigorous  appearance. 

Second  hoeing. — After  the  first  hoeing  the  plants  make 
rapid  progress.  When  they  have  acquired  sufficient  size  for 
hoeing  a  second  time,  the  hoers  renew  their  operations.  Their 
business  now  is  to  correct  any  oversights  that  may  have  been 
committed  in  the  first  singling ;  for  example,  where  two  or  more 
plants  happen  to  be  left  together  to  destroy  all  but  one,  and  also 
to  cut  or  kill  the  weeds  thoroughly  in  the  intervals  of  the  drill 
find  on  each  side.  Tlie  earth  is  afterwards  drawn  up  to  the  roots 
by  a  plough.  The  crop,  then  left  to  the  influence  of  heat  and 
moisture,  soon  spreads  its  broad  leaves  over  the  whole  surfoce  of 
the  field,  exhibiting  the  richest  verdure  to  the  eye. 

Crop  how  employed. — When  the  grass  begins  to  fail,  after 
harvest,  the  farmer  has  recourse  to  his  first  sown  turnips.  In 
order  to  sow  wheat  before  winter,  some  take  up  the  Ruta  Baga, 
or  Swedish  turnips,  before  Martinmas,  cut  off  the  leaves  and 
roots,  cai'ry  them  home,  and  lay  them  up  under  cover,  to  be  kept 
till  the  crop  of  turnips  be  consumed.  Some,  also,  for  the  same 
purpose,  take  up  a  part  of  their  common  turnips.  The  common 
turnip  may  be  preserved  for  two  months,  and  the  Ruta  Baga  till 
Whitsuntide.  Thus,  by  means  of  Ruta  Baga  and  turnips,  the 
farmer  is  plentifully  supplied  with  green  succulent  food  for  his 
cattle  and  horses  from  Martinmas  till  Whitsuntide. 

Growing  turnips  are  often  let  by  the  acre  to  be  eaten  on  the 
ground  by  sheep.  This  may  be  done  without  injury  to  the  sheep 
on  a  clay  soil,  immediately  after  harvest,  or  in  the  spring :  but 
in  light  dry  soils  may  be  done  through  the  whole  winter.  The 
price  per  acre  is  from  5Z.  to  Si.  in  the  country ;  but  higher  near 
towns  where  the  sale  of  milk  is  extensive.  To  those,  indeed, 
who  have  not  been  accustomed  to  the  taste  of  turnip  milk,  as  it 
is  called,  the  milk  of  cows  fed  on  turnips  is  at  first  extremely 

6 


1813.]         '       stgricukwre  in  Berudckshke.  101 

ofiensive ;  but  after  a  little  use,  the  disagreeable  taste  wears  off* 
Those  who  cannot  reconcile  themselveis  to  this  taste  will  find  aa 
effectual  remedy  by  dissolving  a  little  Saltpetre  in  the  milk  whea 
taken  warm  from  the  cow. 

DiFFlCULTy  OF   REMOVINiO:  TUB  TURNIPS,  FROM  THE  FIBli^ 

JTN  WINTER  ON  A  CLAT  SOIL.— The  grand  difficulty  is  how  to 
carry  off  the  turnips  from  a  clay  soil  without  injuring  it ;  for  if 
carts  are  made  to  pass  over  a  clay  soil  while  moistened  with  rain, 
the  surface  is  converted  into  a  kind  of  mortar;  and  if  allowed  to 
remain  a  given  time  in  this  state,  it  will  not  jproduce  half  a  crop 
of  whatever  may  be  sown  in  it  the  ensuing  season*  It  is  this 
difficulty  which  creates  the  distinction  between  what  is  called  a 
turnip  soil  and  a  clay  soil.  From  what,  is  called  a  turnip  soil  tha 
turnips  may  be  removed  throughout  the  winter  without  doing  any 
injury. 

There  is,  however,  no  doubt  but  that  turnips  raised  on  a  clay  soil 
are  superior  in  quality  and  in  usefulness  to  those  raised  on  si 
gravelly  soil;   for  they  are  less  spungy,  possess  more  specifio 
mvity,  and  are  in  general  of  a  larger  size  than  those  raised  on  a 
fight  gravel,  which,  however,  is  called  a  turnip  soil.    Butchers^ 
too,  prefer  cattle  and  sheep  fed  on  a  clay  soil  to  those  fed  on  a 
gravelly  soil.    The  only  objection  to  a  clay  soil  for  turnips  con* 
sists  in  the  difficulty  of  removing  them  from  the  field  without 
injuring  it  by  the  ruts  made  by  cart-wheels,  and  the  holes  made 
by  the  horses'  feet.   If  the  difficulty  could  be  surmounted,  a  clay 
,  soil  would  be  mpre  valuable.     Several  ingenious  methods  are 
employed  for  this  purpose.    The  firs^,  and  most  obvious  remedy 
is  to  make  the  ridges  high.     Others  not  only  make  the  ridges 
high,  but  make  the  drills  at  right  angles  to  the  ridges,  that  the 
rain  may  have  an  open  passage  into  the  furrows  between .  the 
ridges.    Others,  when  the  air  is  free  from  frost,  pull  up  as  many 
turnips  as  upon  calculation  will  suffice  them  for  a  few  weeks,  cut 
off  the  leaves,  lay  th^  turnips  in  small  heaps,  and  cover  them 
with  the  leaves  to  preserve  them  from  the  effects  of  frost  and  wet 
till  the  frost  consolidates  the  ground  to  cart  them  off.    Turnips 
may  be  preserved  two  months  in  this  way.     It  is  a  rule  of  great 
consequence  to  plough  the  ground  as  soon  as  possible  after  th^ 
turnips  are  removed,  if  in  a  proper  state,  that  is,  if  npt  too  wet« 
When  the  ridges  are  pretty  high  the  ground  will  be  frequently 
in  this  state  during  the  winter. 
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Articlb  V. 

■  ■ 

Sfimarks  mt  the  Meamremeni  of  Minute  Pariktes,  e^dalb/ 
those  of  the  Blood  and  of  Pus.  From  Dr.  YouDg*s  Mttliea} 
Liteiature^  Svo.  Lond.  1813,  p.  546. 

(Concluded  from  p,  18f .) 

V.  Microscopical  FaUades, 

I  shall  here  fake,  the  liberty  of  inserting  some  remailcs,  whieh 
I  cannot  attempt  at  present  to  render  intelligible  to  any,  wh# 
have  not  entered  into  the  miaatest  refinements  of  physical  f3p^ 
tics :  to  such  as  are  unacquainted  with  the  latest  investigatioiis,  1 
fear  they  must  appear  involveid  in  a  degree  of  obscurity  almost 
enigmatical. 

When  a  small  object  is  viewed  in  a  microscope,  especially  if 
the  light  is  admitted  by  a  limited  aperture,  it  will  often  api>eat 
to  be  surrounded  by  some  lines  of  light  and  shade,  or  of  coloura, 
which  might  be  supposed  to  depend  on  its  magnitude,  m  the 
same  wav  that  the  eriometrical  colours  are  derived  from  the 
mi^ituae  of  the  objects  examined.    In  reality,  however,  their 
existence  and  their  dimensions  depend  on  the  aperture  of  tb6 
microscope,  and  not  on  the  magnitude  of  the  particles  in  its 
focus.    To  prove  that  this  aperture  may  produce  such  an  eflbet^ 
hold  any  object,  for  instance,  the  finger  or  the  nail,  so  as  to 
intercept  all  the  light  of  a  candle,  except  a  narrow  line,  and 
this  line  will  seem  to  project  other  lines  pacallel  to  it  into  the 
adjoining  shade.    Now  these  lines  depend  on  the  interposed 
object  on  one  side,  and  on  the  margin  of  the  pupil  on  the  other  i 
for  if  we  take  an  object  a  little  tlarrower  than  the  pupil,  we  may 
see  them  on  both  sides  of  it ;  and  causing  the  pupil  to  contract 
by  throwing  more  light  on  the  opposite  eye,  they  will  expand, 
as  the  space,  through  which  they  are  admitted,  is  diminished  by 
the  contraction.     We  may  also  very  distinctly  observe,  if  we 
look  in  this  manner  at  a  narrow  line  of  light  instead  of  a  candl^ 
that  the  dispersive  powers  of  the  eye  nunifestly  convert  its  imngt 
on  the  retina  into  a  spectrum  of  red,  green,  and  blue  light : 
sufficiently  confuting  the  conjectural  hypothesis  of  the  achno* 
matic  property  of  its  refractive  substances.     K  again  we  substi* 
tute  a  minute  hole  or  slit  in  a  card  for  the  interposed  object,  the 
sides:  of  this  aperture  will  now  determine  the  magnitude  of  the 
fringes  which  are  seen  at  the  edge  of  the  candle,  and  their 
dimensions  will  be  no  longer  variable,  whatever  may  be  the  state 
of  the  pupil.    But  the  candle  must  in  this  case  either  be  placed 
at  a  distance^  or  be  partly  concealed  from  the  eye^  unless  one 


edge  of  th^  aperture  project  so  &r  beyond  the  other,  as  to  limit 
its  visible  extent.    Now  the  substance,  in  which  the  lens  of  a 
microscope  is  contained,  preseois  ar' small  aperture  capable  of 
exhibiting  effects  pf  this  kind,  which,  however,  can  only  be 
expected  to  appear  when  the  Ught  is  peculiarly  circumstanced. 
The  aperture  of  th^  highest- magn^er  that  f  have  employed  ii 
^jof  an  inch,  which  an^^fs  to  about  n.  330  of  the  scale  of  the 
Jnometer,  and  would  fCpnsequenjtly  exhibU  a  bright  ring  at  -^^ 
of  the  dbtance  of  a  minute  object  viewed  through  it,  wiiile  the 
darkest  part  within  this  ring  would  be  a£  about  .|.  of  that  dis- 
.  toace^  and  the  fpceX  distance  of  the  lens  being  about  ^  of  an 
iaeh,  tb«  diameter  of  the  apparent  dark  circle  would  be  , ,  \^^. 
oi  an  inch,  and  that  of  the  biught  one  -f^rrl  ^^^  ^^  diiiien- 
sioni  would  be  nearly  the  same  if  any  other  small  lens  were 
employee^  with  an  aperture  half  as  great , as  its  focal  distance ;  ao 
that  the  constancy  of  such  an  appearance,  notwithstanding  a 
dMinge  of  magnifiers,  might  increase  the  probability  of  error.    ^ 
It  is  obvious  that  a  shade  of  this  kind,  surrounding  the  central 
parts  of  a  globule,  if  they  happened  to  be  much  brighter  than 
the  rest,  might  give  rise  to  a  mistaken  idea  of  inequalities  ifi  its 
fiNrm  or  structure;  and  it  is  possible  that  when  a  partible  is daricer 
dian  the  surrounding  medmm,  some  parts  of  its  surfoce  may 
have  lines  of  a  similar  nature  projected' on  them  in  an  inverse 
order.     Tlie  particles  of  the  blood  are  about  t^jV^t  ^  ^"  ^i^  i^ 
diameter,   varying  from  -g^oVo   ^^  4  Vo  a  9   ^^^  ^^  ^^  extremely 
possible  that  an  object*  of  theae  dimensions  may  exhibit  a  light 
point  near  its  centre^  which  may  be  suirounded  by  a  dark,  and 
then  by  a  light  annular  shade  within  the  limits  of  its  '<li6c.  There 
arp  also  several  other  source^  of  error  in  different  lights,  and  in  a 
focus  more  or  les«  imperfectly  adjusted' ;  it  is,  however,  suffi*- 
cieatly -evident  that  no  fallacy  of  this  kind  can  have  given  rise 
to  all  the  appearances,  which  have  been  already  described,  as 
observable  in  the  partioles  of  the  human  blood,  and  stiU  less  to 
those  which  are  observable  in  the  blood  of  some  other  animals,- 

VI.   CljLangealk  Colours. 

In  examining  some  of  the  dust  of  the  lycoperdon,  I  had  put 
it  with  a  drop  of  water  on  a  glass,  when  I  observed  a  purple 
tinge  in  the  water,  Avhich  I  thought  at  first  was  a  stain  extracted 
from  the  powder;  but  the  water  viewed  separately  Was  perfectly 
transparent,  and  the  light  transmitted  directly  through  the  water, 
when  the  globules  were  present,  was  of  a  yellowish  green.  After 
some  consideration^  I  conjectured  that  this  appearance  of  colour 
must- be  analogous  to  that  of  the  mixed  plates  which  I  had  for- 
merly observed,  depending  on  the  diflerence  of  refractive  density  . 
of  thawater  and  the^lobules,  (Nat.  Phil.  I.  470,  PI.  S0,,F..430, 
II.  633.)   and  by  substituting  fluids  of  different  densities  for 
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water^  I  had  the  pleasure  of  finding  my  conjecture  confirmed  ; 
for  when  the  water  was  saturated  wuh  salt,  the  yellow  green 
became  nearly  blue,  and  the  purple  redder  or  browner;  and 
when  olive  oil  was  employed,    the  light  directly  transmitted 
.was  purple,  and  the  ol)lique  light  greenish ;  in  balsam  of  Tolu 
again,  this  purple  became  red,  and  the  indirect  light  aiforded  a 
£iint  blue.     In  air  too,.  I  found  that  the  powder  appeared  of  a 
bright  blue  green  by  direct  light,  and  of  a  purplish  hue  with  a 
•light  a  little  oblique;  but  when  the  obliquity  became  a  little 
greater,  tt^e  tint  changed  to  a  brownish  yellow  green,  which 
continued  afterwards  unchanged ;  this  alteration  may  perhaps^be 
derived  from  the  admixture  of  a  portion  of  light  coming  round 
the  particles  by  a  more  circuitous  route.    By  comparing  the 
opposite  efiects  of  water  and  olive  oil,  of  the  refractive  densities 
1*336  and  VSJSy  the  refractive  density  of  the  particles  them- 
selves may  be  calculated  to  be  1*62,  or  somewhat  less. 

Grey  beaver  wool  seems  of  a  purplish  hue  in  direct,  and. 
greenish  in  oblique  light,  both  in  air  and  in  olive  oil ;  its  grey 
colour  seems  to  be  derived  from  a  mixture  of  these  tints ;  in 
olive  oil,  the  rings  of  colours  which  it  affords  are  considerably 
altered  in  their  appearance,  the  reds  becoming  every  whei'e  very 
faint.  Lead  precipitated  from  its  acetate,  or  silver  from  its 
nitrate,  by  common  water,  affords  a  reddish  direct  and  a  bluish 
indirect  light,  and  the  same  seems  to  be  true  of  smoke,  and  of 
other  bodies  consisting  of  very  minute  particles :  but  when  the 
indirect  light  is  very  powerful,  smoke  sometimes  appears  reddish 
in  it,  as  might  be  expected  from  a  collection  of  very  small 
opaque  instead  of  transparent  particles. 

Mr.  Dclaval  has  observed  that  an  infusion  of  sap  green  appears 
of  a  bright  red  by  transmitted  light,  and  the  case  seems  perfectly 
analogous  to  that  of  the  dust  of  the  lycoperdon:   the  green 
becoming  somewhat  yellower,  when  the  gum,  with  which  the 
colouring  particles  are  mixed,  is  diluted  with  water.    But  this  is 
not  the  universal  cause  of  a  difference  of  colours  exhibited  by  ^ 
pigments  in  different  lights;  the  carthamus,  or  pink  dye  com- 
monly sold  for  domestic  use,  affords  an  unequivocal  instance  .of 
a  substance  exhibiting  colours  analogous  to  those  of  thin  plates, 
which  have  been  adduced  by  Newton,   in  illustration  of  the 
colours  of  natural  bodies;  the  reflected  light  being  undeniably,  of 
a  yellow  green,  while  the  transmitted  light  is  of  a  bright  pink 
colour.    Here  the  light  regularly  reflected  from  the  surface  only, 
especially  when  dry,  gives  the  colour  opposite  to  that  of  the 
transmitted  light ;  all  the  light  passing  through  the  fluid,  even 
indirectly,  giving  a  pink  colour.     But  the  infusion  of  the.liguum 
nephriticum  seems  to  hold  a  middle  place  between  this  substandC 
and  those  which  have  been  mentioned  before ;  the  dry  extract  is 
of  a  brownish  yellow  only;  an  infusion,  not  too  strong,  gives 
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die  same  colour^  verging  to  orange,  by  direct  transmitted  light, 
and  a  bright  blue  by  light  reflected,  or  obliquely  dispersed  within 
the  infusion,  or  at  its  surface.  The  solution  of  the  carthamus 
affords  no  green  reflection  from  its  surface,  and  varies  in  its  hue, 
in  difierent  lights,  only  from  crimson  to  scarlet.  The  tinging 
particles  of  the  lignum  nepbriticum>  like  those  of  the  precipi- 
.tated  le^d  and  silver,  are  probably  extremely  minute,  since  the 
colour  is  but  little  changed  by  changing  the  density  of  the  fluids 
It  often  happens  that  a  blue  colour,  precisely  like  that  of  thii 
infusion,  is  reflected  by  green  glass  bottles,  which,  when  seen  by 
transmitted  light,  exhibit  only  a  reddish  brown  colour.  The 
inner  bark  of  the  ash  is  also  said  to  have  a  property  similar  to 
that  of  the  lignum  nephriticam.  The  particles  of  the  blood  do 
not  derive  their  colour  from  any  of  the  causes  which  have  been 
mentioned,  since  it  may  be  extracted  from  them  in  a  clear 
^solution. 

When  I  attempted  to  explain  the  colours  of  mixed  platef^ 
which  I  had  produced  by  partially  moistening  two  lenses  very 
slightly  convex,  I  observed  that  the  reflection  of  the  light  from 
the  internal  surface  of  a  denser  medium  must  be  supposed  to 
invert  its  properties  with  respect  to  the  production  of  colours  by 
interference,  as  is  naturally  to  be  supposed  on  the  principles  of 
the  undulatory  theory*  But  when  the  obliquity  is  so  consider- 
able, it  is  not  very  easy  to  assign  a  reason  for  this  inversion ;  and 
the  experiments,  which  I  have  now  mentioned,  make  it  necessary 
to  assume  a  law,  which  I  cannot  explain,  that  every  very  oblique 
reflection  inverts  the  properties  of  light  with  respect  to  inter- 
ference. This  conclusion  confirms  the  assertion  of  Newton, 
that  a  dark  space^  bordered  by  light,  will  appear  in  the  centre  of 
JL  portion  of  light  transmitted  between  the  edges  of  two  knives 
.placed  very  near  each  other,  and  the  opinion  of  Mr.  Jordan, 
that  the  augmentation  of  a  shadow  by  diffraction  is  to  be  consi- 
dered as  the  first  dark  space  belonging  to  the  coloured  fringes.  I 
had  obtained  a  ditlerent  result  in  an  experiment  similar  to 
Newton's,  because  I  was  not  aware  of  the  necessity  of  employing 
very  sharp  edges;  for  when  the  edges  are  blunt,  tlie  light  is 
reOected  from  the  one  to  the  other  in  such  a  manner,  as  wholly 
to  destroy  the  appearance  of  a  central  dark  space ;  but  in  any 
case  this  source  of  error  may  be  avoided,  by  causing  one  of  the 
edges  to  advance  a  very  little  before  the  plane  of  the  other,  so 
that  half  of  the  fringes  may  disappear.  It  is,  however,  necessary 
to  suppose  this  inversion  confined  to  cases  of  extremely  oblique 
reflection,  for  when  the  deviation  of  the  light  from  a  rectilinear 
path  becomes  a  little  more  considerable,  its  eff*ects  are  no  longei 
perceptible;  the  second  and  third  fringes  scarcely  ever  requiring 
any  material  corrections  of  the  calculations  from  which  it  is 
excluded.    The  same  inversion  must  aUo  be  attributed  tq  tUe 
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light  bent  by  diffiraction  round  the  remoter  side  of  a  fibre :  for 
this  light  always  co-operates  in  the  first  instance  with  that  whicli 
is  refected  from  the  nearer  side.  The  extent  of  the  central 
white  light  is  indeed  so  great,  that  all  the  coloured  appearances 
may  almost  be  considered  as  beginning  at  such  a  distance,  that 
the  first  dark  space  is  exactly  where  the  simple  calculation  would 
lead  us  to  expect  the  white ;  since  the  value  of  the  unit  of  the 
eriometer  ought  to  be,  according  to  this  calculation,  about 
.^ 4 ^ ^ 5  of  an  inch,  instead  of  g^^^i^o  ;  and  indeed  this  value 
agrees  very  accurately  with  experiment,  where  the  two  portions 
of  light  concerned  are  exactly  in  similar  circumstances ;  as  may 
be  observed  in  some  of  the  parallel  lines  drawn  on  glass  in  Mr. 
Coventry's  micrometers,  probably  where  they  happen  to  be 
single,  for  in  general  they  are  double,  and  exhibit  colours  cor- 
responding to  an  interval  much  smaller,  than  their  regular  dis- 
tance :  but  in  some  parts  we  may  observe  colours  exactly  cor- 
responding to  their  distance,  for  instance,  to  3-^  of  an  inch, 
according  to  the  simple  principle  of  considering  each  U2iit  as 
^ual  to  about  the  43000th  of  an  inch.  Hence  it  seems  that 
the  necessity  of  a  correction  depends  on  the  different  state  of  the 
lights  reflected  from  one  side  of  a  fibre,  and  diffracted  round  it^ 
opposite  side,  and  that  when  they  proceed  in  a  similar  manner 
from  two  neighbouring  parallel  lines,  the  necessity  no  longer 
exists.  What  may  be  the  cause  of  this  irregularity,  will  perhaps 
be  understood  when  we  understand  the  cause  of  the  singular 
phenomena  of  oblique  reflection  discovered  by  Mr.  Malus^  and 
we  have  no  reason  to  expect  to  understand  it  before. 

VII.  Glories. 

I  have  had  an  opportunity  of  ascertaining,  that  the  cloud?' 
which  exhibit  the  white  and  coloured  circles,  sometimes  deno- 
minated glories,  are  certainly  not  composed  of  icy  particles } 
and  I  have  succeeded  in  deducing  an  explanation  of  these  phe- 
nocdena  from  the  same  laws,  which  are  capable  of  being  applied 
to  so  many  other  cases  of  physical  optics.  In  the  theory  of  su- 
pernunaerary  rainbows,  (Nat.  Phil.  1.  47 1,  PI.  SO,  Fig.  451,  II. 
643,)  I  have  observed  that  the  breadth  of  each  bow  must  be  the 
greater  as  the  drops  which  aflbrd  it  are  smaller;  and  b'  consi- 
dering the  coloured  figure,  in  which  their  production  is  analysed, 
it  will  be  obvious,  that  if  we  suppose  the  coloured  stripes 
extremely  broad,  they  will  coincide  in  such  a  manner  in  one 
part  as  to  form  a  white  bow :  the  red,  which  projects  beyond 
the  rest,  being  always  broadest,  so  that  if  all  the  stripes  be 
supposed  to  expand,  while  they  preserve  their  comparative  mag- 
nitude, the  middle  of.  the  red  may  coincide  with  the  middle  of 
the  blue;  and  it  will  appeigr  on  calculation  that  a  white  bow  will 
bft  fonmdy  a  few  degrees  within  the  usual  place  of  the  coloured 
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bow,  when  the  drops  are  about  -g-^Vo*  ^^  nrW  ^^  ^^  ^^^^  ^^ 
dianoeter.  It  is  remarkable^  that  in  such  cases  the  original  rain- 
bow is  altogether  wanting,  and  probablyx  for  a  similar  reason,  we 
scarcely  ever  see  a  rainbow  in  a  cloud  wiiich  does  not  consist  of 
drops  so  large  as  to  be  actually  falling,  although  Ihave  once  seen 
such  a  rainbow  ending  abruptly  at  the  bottono  of  a  cloud :  it 
Aiay  be  conjectured  tl^at  the  edge  of  the  light  is  iti  such  cases  so' 
much  weakened  by  diffraction,  that  it  i^  too  faint  to  exhibit  the 
effects  occfisioned  by  a  larger  drop.  Dr.  Smith  has  made-  a 
jrejnark  sonaewhat  similar^  (Mp^*  ^*  oOl,)  which,  if  not  completely" 
satisfactory  upon  the  principles  which  have  been  mientiohed^  iil 
certainly  altogether  unintelligible  upon  his  own. 

The  coloured  circlesj  immediately  surrounding  the  shadows 
of  the  observers,  may  be  deduced  from  the  effect  of  the  same 
minute  particles  of  water,  upon  the  light  which  has  been  fourj 
and  perhaps  five,  timers  reflected  within  the  drops/  which  mayj 
after  transmission,  coincide  in  direction  with  another  portion^ 
passing  on  the  opposite  side  of  the  centre ;  and  the  drops  about 
^  f^\'^  or  -rcW  ^^  ^^  *"^^  ^^  diameter  would  in  this  manner  pro- 
duce a  faint  corona,  of  such  magnitude,  that  the  limit  of  green 
and  red,  employed  in  the  C^e  of  the  eriometer,  should  be  at  the 
distance  of  about  five  degrees  from  the  centre  of  the  shadow  f 
which,  as  nearly  as  I  could  estimate  it,  was  its  real  distance  in 
the  appearance  that  I  observed. 
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General  Views  of  the  Composition  of  Animal  Fluids.  By  rf; 
Berzelfus,  M.D.  Prbfessor  of  Chemistry  in  the  College  of 
MedicTxie  at  Stockholm. 

{Continued  from  y,  26.) 

Inquiry  into  the  Influence  of  the  Iron  contained  in  the  Colouring 

Matter^  inpirodudng  its  Colour. 

The  greatest  chemical  difference  that  is  found  between  fibrin,' 
albumen,  and  coloxiring  matter,  cotisists  in  a  quantity  of  oxide 
t)f  iron  being  contained  in  the  ashes  of  the  colouring  matter/ 
while  none,  or  at  least  an  infinitely  small  portion,  is  afforded  by 
the  others.  Parmentier  and  Deyeux,  to  whomi  we  are  indebted 
for  an  elaborate  memoir  on  the  blood,  have  conjectured  that  the 
iron,  contained  in  the  blood,  was  dissolved  in  a  way  analog9u^ 
to  the  alkaline  tincture  of  Stahl,  an  opinion  which  hus  since 
been  controverted  by  Fourcroy  and  Vauquelin,  who,  on  their 
side,  have  eadieaTiHired  to  prove  that  the  coloiurring  mattet  bi&A 
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blood  was  a  solution  of  red  subphosphate  of  iron  in  albumefi* 
We  shall  find  that  neither  of  these  theories  can  be  true,  and  thit 
the  mode  in  which  the  iron  is  combined  with  the  colouring 
matter  will  probably  long  remain  unknown. 

The  colouring  matter  dried,  and  exposed  to  fire  in  an  open 
cruciWe,  melts  and  swells  up,  and  at  last  burns  with  fiame.  It 
leaves  behind  a  porous  coal,  which  cannot  be  incinerated  with- 
out the  greatest  difficulty.  For  this  purpose  it  must  be' reduced 
to  a  very  fine  powder,  and  exposed  to  the  fire  in  very  thin  layers. 
While  the  charcoal  is  consuming,  it  continually  exhales  a  smdl 
of  carbonate  of  ammonia,  which  proves  that  the  constituents  of 
ammonia  are  not  disengaged  from  the  charcoal  by  heat  alone^ 
but  that  the  influence  of  oxygen  is  also  required  in  order  to 
effect  the  separation.  The  ashes  remaining  after  the  destruction 
of  the  carbon  are  yellow  and  pulverulent. 

The  disengagement  of  ammonia  from  a  mass  of  burning 
charcoal  which  has  already  been  exposed  for  a  long  time  to  fire, 
is  undoubtedly  a  very  remarkable  phenomenon  ;  but  another  and 
a  no  less  singular  fact  is  presented  by  the  same  substance.   If  the 
charcoal  which  has  already  been  long  burning,  and  whose  surface 
is  covered  with  yellow  ashes,  be  pulverized  and  boiled  in  nitro- 
muriatic  acid,  the  acid  dissolves  the  ashes  already  formed,  but 
does  not  deprive  the  remainder  of  the  charcoal  of  the  property 
of  aftbrding  a  fresh  quantity  of  ashes  on  re-exposure  to  the  fire. 
These  observations  seem  to  prove  that  the  carbonaceous  matter 
of  the  colouring  substance  which  remains  after  the  fiame  has 
ceased  to  appear,  and  after  the  whole  mass  has  been  subjected  to 
a  strong  red  heat,  cannot  be,  as  was  before  supposed,  a  mecha- 
nical mixture  of  cliarcoal  with  the  phosphates  aad  carbonates  of 
the  earths  and  of  iron.     We  must  therefore  consider  it  as  a 
chemical  compound  of  carbon,  phosphorus,  sulphur,  with  cal- 
cium, ammonium,  and  iron;  and  it  appears  that  it  is  in  a  mode 
analogous  to  this  combination  that  the  iron  as  well  as  the  calcium, 
phosphorus,  &c.  are  united  with  the  charcoal,  and  other  consti- 
tuents of  the  colouring  matter ;  for  it  is  very  evident  that  the 
mode  in  which  combustible  bodies  combine  with' one  another,  and 
with  a  small  portion  of  oxygen  in  organic  substances,  is  totally 
different  from  that  which  prevails  among  the  inorganic  produc- 
tions of  nature. 

To  return  to  the  ashes  of  the  colouring  matter;  water  extracts 
from  it  a  very  small  quantity  of  soda  mixed  with  muriate  of 
soda.  I  have  great  reason  to  suspect. that  these  two  constituents 
are  merely  accidental,  and  that  they  appear  in  consequence  of 
the  impossibility  of  freeing  the  crassamentum  entirely  from 
scrum.'!  If  the  alkaline  liquor  which  is  obtained  from  the  ashes^ 
be  saturated  by  acetic  acid,  evaporated  to  dryness,  and  again 
.  ^disBoIyed^  a  precipitate  will  appear  on  the  addition  of  lime-wat^i> 
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iiehich  is  phos[>iiate  of  lime^  but  In  so  minute  a  quantity  as  not 
io  be  appreciable, 

I  incinerated  20  grammes  (400  grains)  of  colouring  ro:  tter, 
till  the  charcoal  was  completely  destroyed,  and  obtained  025 
grammes  ^5  gra^ins)  of  ashes  having  a  yellowish  red  colour.  By 
^  accurate  analysis,  I  found  it  composed  of 

Oxide  of  iron • 50*0 

Subphosphate  of  iron , ,  7'5 

Phosphate    of   lime    with  a  small  7      ^^^ 

quantity  of  magnesia ,  5 

Pure  lime    . . 200 

Carbonic  acid^  and  loss 16*5 

100-0 

But  this  phosphate  of  iron  was  not,  in  all  probability,  con- 
tained in  the  colouring  matter,  not  even  in  the  ashes :  it  has 
evidently  been  a  product  of  the  analytic  process.  It  is  produced 
ia  like  manner  when  oxide  of  iron  and  phosphate  of  lime  are 
dissolved  together  in  an  acid,  and  afterwards  precipitated  with 
caustic  ammonia.  Part  of  the  lime  remains  in  solution,  and  the 
iron  seizes  upon  its  phosphoric  acid. 

But  as  one  mode  of  argument  will  hardly  suffice  to  overturn  a 
theory  maintained  by  chemists  of  such  eminence  as  Fourcroy 
and  Vauquelin,  and  for  the  support  of  which  they  have  brought 
forward  many  positive  facts,  I  have  made  a  number  of  experi* 
ments  with  a  view  of  tlirowing  light  on  this  subject,  and  have 
not  met  with  a  single  one,  which  did  not  appear  in  contradiction 
to  the  opinion  of  these  celebrated  analysts.  Some  of  these  ex- 
periments I  shall  now  relate. 

(A.)  The  prussiates,  as  we  have  already  seen,  produce  no 
effect  on  the  colouring  matter  of  the  blood;  and  yet  they  detect, 
after  24  hours,  the  least  quantity  of  any  ferrugineous  salt  added 
to  it,  having  the  red  oxide  of  iron  for  its  basis. — (B.)  A  watery 
solution  of  colouring  matter,  mixed  with  gallic  acid,  acquires  a 
beautiful  red  colour,  but  the  acid  produces  no  precipitate. .  By 
adding  to  the  solution  of  colouring  matter  one  or  two  drops  of  9 
dilute  solution  of  tannin,  the  liquor  becomes  of  a  beautiful  red, 
without  any  precipitate  appearing.  But  if,  on  the  contrary,  the 
solution  of  tannin  be  concentrated,  it  precipitates  the  colouring 
matter,  and  gives  it  a  pale  red  colour.  None  of  these  effects 
seem  to  prove  the  presence  of  a  salt  with  the  base  of  oxjde  of 
iron. — (C.)  The  aqueous  solution  of  colouring  matter,  mixed 
vith  solution  of  barytes,  is  not  precipitated  :  at  the  end  of  2^ 
hours  a  small  quantity  of  phosphate  of  barytes  is  found  at  the 
bottom  of  the  vessel,  and  the  liquor  has  assumed  a  green  colour 
\>y  the  action  pf  the  alkaline  base.    Lime-water  ^cod\iQ.^%  wsk 
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change. — (D.)  A  solution  of  sulp^uret  of  potash  produces  no 
change  in  the  solution  of  colouring  matter,  except  that  the  rei 
^colour  is  slowly  converted  into  green  by  the  action  of  the  alkali. 
A  drop  of  acetic  acid  precipitates  the  sulphur  of  a  white  colour.' 
(E  )  k  is  well  known  that  none  of  the  mineral  acids  deprive  thd. 
colouring  matter  of  its  colour,  which  ought  to  be  the  case  if  that 
colour  had  been  ownng  to  the  presence  of  the  subpiiqsphate  oi 
'won.  The  phosphoric  acid  mixed  with  the  colouring  matter 
blackens  without  precipitating  it :  whereas,  if  the  opinion  of  the 
French  chemibts  were  correct,  it  ought  to  produce  a  neutral  an^ 
colourless  phosphate. — (F.)  A  drop  of  a  solution  of  acetate  <rf 
lead  exalts  the  colour  of  the  colouring  matter,  and  a  larger 
quanthy  throws  down  a  fine  red  precipitate. — (G  )  The  nitrate^ 
of  silver,  of  lead,  and  of  mercury,  blacken  the  colouring  matter^ 
and  when  added  in  larger  quantity  precipitate  it. 

These  experiments  piove  that  the  iron  in  the  colouring  matter 
is  not  contained  in  it  in  such  a  way  as  to  admit  of  being  detected 
ty  the  best  re-agents  we  possess,  uptil  the  composition  of  the 
colouring  matter  is  totally  destroyed. 

But  how  can  these  facts  be  reconciled  with  the  following, 
inentione^  by  Fourcroy  in  his  Systeme  des  Cbnntnssahces  Chvr^ 
miqiiesP  "  Vauquelin  andjl,"  says  be,  "have  found  that  the 
subphospbate  of  oxide  of  iron  is  easily  dissolved  in  albumen  By 
a  slight  agitation,  and  viithout  the  aid  of  heat,  and  that  this 
solution  possesses  a  bright  red  colour,  similar  to  that  of  th^ 
J)lood.  This  colour  becomes  still  more  vivid  by  adding  a  Iittfe 
caustic  alkali,  which  facilitates  still  more  the  solution  of  the 
siibpliosphate  in  albumen/' 

It  was  not  till  after  having  m^de  and  carefully  repeat^  many 
experiments,  that  1  could  venture  to  pronounce  this  ophiion  to 
pe  void  of  foundation.  I  shall  not  seek  to  form  any  conjecture 
ijvith  n  gard  to  the  circumstances  which  may  have  deceived  these 
distinirnished  chemists,  but  shall  merely  relate  my  owp  experi- 
ments  on  the  subject. 

The  subphosphate  in  question,  newly  prepared  and  still  moist, 
easily  mixes  with  serum,  giving  it  the  colour  of  rust :  but  it 
subsides  in  process  of  time,  and  may  be  entirely  separated  from 
\t  by  means  of  a  filter.  Tlie  neutral  phosphate  of  oxide  of  iron, 
mixed  with  seiiim  also,  does  not  dissolve,  and  the  addition  of 
caustic  alkali  instantly  prodiicci-  the  subphosphate ;  but  this  last 
Remains  undi^soived,  and  communicates  to  the  liquor  a  colour  of 
rust,  v^hich  is  quite  dissimilarto  that  of  the  colouring  matter  of 
|)lood.  The  serum  depriv^jd  of  subphosphate  by  filtration  retains 
a  pale  yellowish  colour,  which  is  owing  to  a  $mall  quantity  of 
oxide  of  iron  held  in  solution. 

If  seruiq  is  mixed  with  the  subphosphate  in  question,  and 
A&^Jioi7c  acl4  ia  added,  so  as  to  oissolve  the  subphosiphate,  a 
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dear  rust-coloured  liquor  is  formed^  firom  which  a  small  addition' 
of  caustic  alkali  precipitates  a  little  albumen,  which  Is  agaia 
dissolved  by  a  slight  excess  of  the  alkali ;  and  then  the  solution 
loses  its  red  coiouTi  and  tfie'subphosphate  falls  down,  and  may 
be  collected  on  tlie  filter. 

Ip  all  these  experiments  the  albumen  dissolves  the  oxide  of 
Iro^,  .even  in  greater  quantity  than  exists  in  the  colouring  matter 
of  the  blood ;  but  this  solution  is  yellowish,  and  has  but  little 
body  of  colour ;  and  the  oxide  of  iron  is  shown  by  tlie  usual 
reagents.    The  albumen  of  serum  will  also  dissolve  many  other 
jpetallic  oxides;  for  instance,  that  of  copper,  as  VauquelLn  has 
long  sioce  proved ;  and  it  is  doubtless  the  albumen  which  is  the 
menstruum  of  the  oxide  of  mercury,  found  dissolved  in  the 
blood  during  a  course  of  this  metal  for  the  cure  of  syphilis.  The 
oxidulum  (or  black  oxide)  dissolves  easily,  and  still  more  co» 
^ously,  in  serum,  forming  a  perfectly  limpid  sea-green  liquor. 
The  solution  is  readily  obtained  by  adding  to  serum  some  sidt  of 
iroa,  whjch  has  die  black  oxide  for  its  base,  and  neutralizing  its 
acid  by  an  alkali.    When  this  green  solution  is  exposed  to  the 
air,  it  absorbs  oxygen,  deposits  red  oxide  of  iron,  and  becomes 
yellow.    The  compounds  of  oxide  of  iron  and  albumen  are  de- 
composed by  the  mineral  acids,  which  precipitate  th^  albumen 
icolourless,  and  retain  the  iron  in  solution.    The  prussiates  alone 
do  not  disturb  the  solution  of  iron  in  albumen,  because  the 
metallic  oxide  is  not  here  dissolved  by  any  acid ;  but  if,  after 
JDixing  them,  a  little  muriatic  acid  is  added,    an  exquisitely 
beautiful  azure  blue  precipitate  appears,  consisting  of  albumen 
and  Prussian  blue.     If  the  acid  phosphate  of  iron  is  dissolved  in 
acetic  acid,  and  afterwards  serum  be  added,  followed  by  a  little 
caustic  alkali,  the  albumen  and  subpbospbate  are  precipitated 
together,  of  a  rust-colour,  which  is  not  changed  by  drying,  but 
has  no  resemblance  to  the  colouring  matter  of  blood.  In  a  word, 
I  have  not  been  able  to  find  any  method  of  combining  albumen 
with  subphosphate  of  iron,  or  with  any  other  salt  of  this  metal, 
so  as  to  produce  a  compound  identical  with  the  colouring  matter 
of  the  blood. 

But  from  the  result  of  all  these  experiments,  what  appears  to 
be  the  difference  between  venous  and  arterial  blood?  This 
question  I  am  unable  to  answer;  nor  can  I  explain  jtli^  difference 
between  these  substances  before  and  after  coagulation. 

I  have  already  mentioned  that  the  liquid,  out  of  which  the 
colouring  matter  has  been  coagulated  by  heat,  has  at  firet  a  tint 
of  red,  which  it  loses  by  cooling ;  at  which  time  it  further 
deposits  a  small  quantity  of  colouring  matter.  Thijs  liquid,' 
whilst  evaporating,  becomes  greeli,  owing  to  the  action  of  the 
uncombined  alkali  on  the  small  portion  of  colouring  matter  tliat 
it  still  retains*    This  liquid  holds  also  in  solution  all  th^  salt^ 
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and  the  soluble  Bbimal  suhstances  belooging  to  that  portion  of 
the  serum  which  still  adheres  to  the  coagulum^  and  cannot  be 
entirely  separated  fron\.it.  The  coagulum  I  have  found,  by  one 
analysis,  to  consist  (exclusive  of  the  saline  and  uncoagulable 
ingredients)  of  64  parts  of  colouring  matter^  and  36  parts  of  aii 
insoluble  mixture  of  fibrin  aod  ^bumcn.  > 

Of  the  Sp'utny  Albumen^  and  ^Its  of  the  Blood.  . 

When  serum  is  heated  in  a  glass  vessel,  over  a  water-bath,  if 
solidifies  and  forms  a  pearl -coloured  jelly,  transparent  at  the 
edges.  If  It  is  stirred  the  coagulation  is  more  uniform.  It  has 
been  said  to  blacken  any  silver  installment  employed  to  stir  it ; 
but  this  only  happens  when  the  serum  has  begim  to  putrefy,  or 
when  the  bottom  of  the  coagulum  has  been  burnt.  As  this 
blackening  of  silver  is  OA^ing  to  sulphur,  this  substance  has  also 
been  reckoned  among  the  constituent  parts  of  blood.  .  But  it 
would  be  equally  proper  to  consider  carbon  and  hydrogen  as 
constituent  parts,  since  these  enter  into  the  composition  of  albu- 
men, in  the  same  way  as  sulphur  docs. 

Muriatic  acid  coagulates  serum.  When  heated,  a  small 
quantity  of  azotic  gas  is  evolved.  This  coagulum  has  exactly 
the  same  properties  as  the  compound  of  fibrin  and  muriatic  acidl 

The  sulphuric  and.  nitric  acids  also  produce  with  the  albumeii 
of  serum  precisely  the  same  compounds  as  with  fibrin. 

Phosphoric  acid  does  not  coagulate  serum- 

The  acetic  acid  does  not  coagulate  serum,  and  when  this  acid 
is  in  sufHcient  quantity,  it  prevents  the  coagulation  on  heating. 

In  sliort,  the  albuuicn  of  serum  produces  exactly  the  same 
compounds  with  acids  and  alkalies  as  the  fibrin  does,  and  therer 
fore  to  avoid  repetition,  I  shall  refer  the  readcic  back  to  nay  obser- 
vations on  this  latter  substance.  The  action  of  alcohol  also  is 
perfectly  similar  in  both  cases.  • 

There  appears  therefore  to  be  very  little  djfierence  between 
fibrin  and  albumen;  and  the  latter  seems  to  be  intermediate 
between  fibrin  and  the  colouring  matter.  The  only  character  of 
distinction  between  fibrin  and  albumen  is,  that  albumen  does 
pot  coagulate  spontaneously,  but  requires  a  higher' temperature 
for  that  purpose.  Coagulated  albumen  does  iijdeed  dissolve  mote 
slowly  than  fibrin  or  colouring  matter  in  acetic  acid  and  in  am- 
monia^ but  probably  this  is  owing  to  the  influence  of  the  he^t 
employed  for  its  coagulation. 

Exper.  1.  1000  parts  of  senim  evaporated  to  perfect  dryness, 
(that  is  to  say,  so  as  easily  to  be  reduced  to  powder,)  left  .05  parts 
of  a  yellowish,  semi-transparent  mass,  resembling  amber,  that 
split  to  pieces  in  drying,  which,  in  curling  up,  carriied  with 
them  thick  scales  of  the  porcelain  glazing  of  the  evaporatiag 
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2.  I  digested  10  gratniiries' of  the  dried  powder  in  cold  fvmter. 
"The  albuminous  portion  softened^  and  became  gelatinous.  I 
ssfparated  by  the  filter  the  Ikjuid  from  the  insoluble  part^  ancl 
"gashed  the  latter  repeatedly  #ith  boiling  water.  The  undissolved 
xilbumen  dried  in  the  filter,  weighed  6-47  grammes^  and  did  not 
jgive  up  its  earthy  phosphate,  by  iBubsequent  digestion  in  muriatio 
^cid,  as  this  acid  remained  clear  on  saturation  with  an  aUcali. 

8.  The  solution  wliich  had  passed  the  filter  was  evaporated  to 
dryness,  during  which  thick  membranes  formed  at  the  surface, 
amd  the  solution  gelatinized  before  it  was  perfectly  diy.  I 
digested  this  residue  in  alcohol,  whilst  it  was  still  gelatinous ; 
the  spirit  assumed  a  yellow  colour,  and  on  evaporation  left  an 
alkaline^  yellowish  deliquescent  mass,  weighing  0*92  grammes. 
This  consisted  of  soda,  holding  albumen  in  solution,  of  muriate 
of  soda,  and  muriate  of  potash,  of  lactate  of  soda,*  and  of  an 
animal  matter  which  always  accompanies  the  lactate. 

*  In  mentioning  the  lactate  of  soda  in  this  place,  I  wish  to  make  some  obser- 
tatioiw  oo  the  lactic  acid,  as  one  of  the  constituent  parts  of  all  animal  fioids. 
It  ig  well  known  that  this  acid  was  discovered  by  my  illnstrioiis  coantrymaVy 
Scbcele.  Latterly,  the  French  chemists  have  examined  this  acid;  and/Fojur- 
croy,  Vauqueljo,  Thenard,  and  Bouillon  La  Grange,  have  sought  to  prove 
that  Scheele  was  mistaken  in  the  supposed  pecoliar  nature  of  this  acid,  and 
^t  il  is  only  a  combination  of  acetous  acid  with  some  animal  matter. 

These  chemists,  however,  have  made  no  attempts  to  obtain  this  animal  matter 
separate  from  the  acid,  and  have  never  succeeded  in  producing  the  lactic  acid 
by  meant  of  the  acetic ;  but  this  is  the  proof  which  they  give  of  Scheele  bein^ 
in  an  error.  Lactic  acid  is  combined  with  an  all^ali,  the  resulting  lactate  is 
distilled  with  concentrated  sulphuric  acid,  and  in  the  receiver  is  obtained  a 
mixture  of  sulphurous,  muriatic,  and  empyreumatic  acetic  acid,  the  latter  of 
which  is  purified ;  and  hence  it  is,  that  we  are  informed  that  the  pretended 
lactic  acid  is  only  the  acetous  united  with  some  animal  matter.  I^utit  appears 
(o  me.  that  the  French  chemists  have  only  tut  the  Gordian  knot;  for  one  of 
the  properties  of  tiie  lacticNiicid  is  to  be  incapable  of  volatilization,  and  it  is 
a  property  of  the  sulphuric  acid  to  change  many  organic  substances  with 
which  it  is  distilled,  into  the  empyreumatic  acetoijis  and  snl^iharoos  acids. 
Hy  a  parity  of  rejasoaing,  almost  every  one  of  the  vegetj^ble  acids  might  ke 
proved  to  be  only  acetic  acid,  combined  with  some  matter  which  deprives  it 
of  it^  volatility,  without  destroying  Us  other  acid  properties;  and  in  filet  it  is 
thus,  that  Bouillon  La  Grange  has  inferred  that  thematic  ana  gallic  ajcids  are 
only  varieties  of  the  acetic.  In  an  analysis  of  muscular  flesh,  'which  I  made 
in  the  year  1S06,  I  found  that  the  humours  of  the  muscles  contained  a  free 
acid,  which,  by  many  experiments,  I  discovered  to  have  all  the  properties 
-which  Schceie  attributes  to  the  lactic  acid.  I  collected  a  quantity  large  enough 
for  examination,  and  I  succeeded  by  ditferent  methods,  in  obtaining  it  in 
greater  purity  tiiau  Scheele  bad  procured  his.  I  examined  a  great  number  of 
its  saline  combinations,  with  alkalies,  earths,  and  metallic  oxides,  the  parti* 
culars  of  which  are  given  at  length  in  the  second  volume  of  my  Treatise  on 
Animal  Chemistri/^  Stockholm,  1808,  p.  430,  &  scq.  If,  therefore,  it  is 
allowed,  that  two  acids  that  produce  saline  compounds  different  from  each 
other  cannot  be  identical  in  their  nature,  the  distinction  between  the  lactic 
and  the  acetic  acids  cannot  be  controverted.  It  is  since  that  time  that  I  have 
discovered  the  lactic  acid,  free  or  combined,  in  all  animal  fluids. 

Many  chemists  have  observed,  in  their  analysis  of  animal  fluids,  that  the 
alcoholic  solution,  wbea  evaporated,  leaves  a  yellow  deliquescent  extractive 
ioass.    Of  late,  mure  attention  has  been  paid  to  this  extract,  and  if  I  mistake 
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The  portion  not  dissoWed  by  alcohol,  and  digested  with  water, 
left  a  fresh  residue  of  albumen,  weighing  1*95  grammes,  and 
possessing  the  same  characters  as  that  of  Exper.  2»  The  wateiy 
iolution  could  not  be  made  to  gelatinize,  and  did  nol  hold  the 
smallest  quantity  of  gelatine.  Besides  the  alkali,  it  contained 
sn  animal  matter  easily  precipitable  by  tannin  and  by  muriate  of 
mercury,  and  which  appeared  to  me  to^be  extracted  from  th^ 
•Ibumen  by  the  boilingi  water,  during  its  coagulation,  «nd  to.be 
imalogous  to  the  substance  obtained  by  boiling  fibrin,  with  water* 

We  have  been  told,* that  the  blood  contains  much  alkaline  an^ 
earthy  phospli^tes^  I  coagulated  a  large  quantity  of  serum,  and 
thus  procured  a  good  deal  of  the  residuary  uncoagulable  fluid. 
This  I  mixed  with  barytic  water,  which  after  a  time  gave  a  slight 
precipitate,  soluble  in  muriatic  acid.  Some  of  the  same  seruin^ 
mixed  with  lime-water,  was  not  clouded.  It  follows  from  thi% 
that  the  blood  contains  no  sulphuric  acid,  and  only  a  vestige  c^ 
the  phosphoric.  In  my  Treatise  on  Animal  Chemistry,  I  have 
endeavoured  to  prove,  that  the  phosphates,  as  well  as  the  lac- 
Jates,  are  always  produced  by  the  spontaneous  decomposition,  of 
animal  substances,  and  that  the  small  quantity  of  each  whiph  is 
found  in  the  blood  is  carried  thither  by  the  absorbent  system,  ii]i 
its  progress  to  the  secretions,  through  which  it  is  discharged 
from  the  body,  and  hence  the  secretions  contain  always  a  muck 
larger  proportion  of  these  acids. 

Not  to  be  too  diffuse,  I  shall  pass  over  the  description  of  the 
methods  I  employed,  to  ascertain  the  respective  proportions  of 
the  contents  of  the  serum,  and  shall  only  give  the  results  :-r- 

A  thousand  parts  of  serum  I  find  to  consist  of 

Water     ^5*00 

Albumen 79*9^ 

Substances  soluble  in  alcohol,  viz. 

Lactate  of  soda,  and  extractive  matter  6*175?  «.>•> 

Muriate  of  soda  and  potash 2*565  3 

Soda  and  animal  matter  soluble  only  in  water . .  ]  '52 

Loss  • .' 4*75 

1000-00 

moty  It  has  been  coitsidered  as  a  single  substance,  and  has  received  the  name  t>f 
oumtaome.  One  of  the  component  parts  of  this  extract  is  lactate  of  sodm,  and 
the  other,  with  which  it  is  intimately  combined,  is  an  animal  matter  that  may 
be  separated  by  mean«  of  tannin.  To  prove  the  presence  of  lactic  acid,  dis- 
solve the  whole  in  alcohol,  and  add  a  mixtnre  of  sulpbaric  acid  much  diloted 
with  alcohol,  as  long  as  thera  appears  any  preciplrate,  which  is  sulphate  of 
potash  or  soda.  Digest  this  spirituous  solution  (which  contains  muriatic,  snU 
phuiic,  lactic,  and  sometimes  phosphoric  acid)  with  carbonate  of  lead,  and- 
all  the  above  acids  will  unite  with  the  oxide  of  lead,  but  of  th<»8e  only  the 
lactate  will  be  soluble  in  alcohol.  Decant  the  alcoholic  solution  of  lactate  of 
lead,  separate  the  lead  by  a  stream  of  suiphureted  hydrogen  g^,  and  by 
rraponUini;  the  clear  liquor,  the  lactic  acid  will  remain  in  the  state  of  an  acid 
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I  washed  the  albumen  well  in  this  experiment-,  digested  h  in 

nniriatic  acid,  and  then  burnt  it  \o  ashes,  which  were  alQHMt 

^^xactly  equal  in  quantity  to  the  ashes  produced  by  the  conobus^ 

.-^ion  of  the  same  weight  of  colouring  matter.     But  the  ash  of 

4ie  albumen  was  white,  am)  did  not  sliow  a  particle  of  iron.    I 

.^und  a  traee  of  soda,  but  the  greatest  part  was  phosphate  audi 

'carbonate  of  lime,  with  a  little  magnesia.    It  is  clear,  therefore^ 

that  the  earthy  salts  found  in  the  ashes  of  coloured  blood  had  not 

been  dissolved  in  the  blood,  nor  even  existed  as  salts  in  the  blood, 

from  which  they  were  obtained  by  means  of  combustion^  Hence 

we  nray  conceive,  how  the  blood  can  produce  and  deposit,  in  tiie 

unimal  economy,   the  earthy  phosphates,  which,  however,  are 

iiot  soluble  either  in  pure  water  or  in  the  blood ;  and  henee  too 

we  may  infer,  that  the  production  of  bone  cannot  be  considered 

as  a  simple  crystallization  of  a  salt,  conveyed  by  the^  blood  in  a 

state  ef  solution,  but  requires  us  to  suppose  the  decomposition  of 

the  animal  matter  of  the  blood,  as  well  as  in  any  other  secretion. 

•  All  the  authors  who  have  written  on  the  blood,  assert  that 

gektine  is  one  of  its  component  parts.    This,  however,  is  a 

mistake,  and  arises  from  the  gelatinous  appearance  of  the  albu* 

inen,  as  I  have  never  been  able  to  detect  a  particle  of  gelatine 

In  blood ;  and,  as  far  as  my  researches  extend,  1  have  found 

jgelatine  to  be  a  substance  altogether  unknown  to  the  economy  of 

the  living  body,  and  to  be  produced  by  the  acdon  of  boiling 

yrater  on  cartilage,  skin,  and  cellular  membrane,  substances 

yrhidi'  are  totally  distinct  from  tibrin  and  albumen. 

On  Human  Blood. 

The  blood  of  man  perfectly  resembles  in  composition  that  of 
^he  ex,  but  the  coagulum  of  human  blood  is  more  easily  decom* 
posed  by  water,  and  the  fibrin  thus  obtained  is  more  transparent. 
When  dried,  it  amounts  to  no  more  than  0*75  from  IOOOl  parts. 
Human  fibrin  has  the  same  chemical  properties  with  that  of  the 
ox,  but  is  more  readily  incinerated :  the  white  ash  consists  of  the 
phosphates  of  lime  and  magnesia,  a  little  carbonate  of  lime,  ^nd 
soda. 

The  colouring  matter  of  human  blood  is  also  chemically  the 
fame  with  tliat  of.  ox  blood,  but  is  much  more  easily  reducible 
by  fire  to  the  same  yellow  ash,  which  seems  to  show  that  it  con- 
'iains  less  azote  or  ammonium.  A  hundred  parts  of  dried  colour- 
bg  matter  of  human  bloi>d  gave  15*  parts  of  ash,  of  which  3 
parts  dissolved  in  water,  and  were  alkaline,  and  when  saturated 
5vith  acetic  acid,  and  mixed  with  muriate  of  barytes,  it  left  a 
t-opious  precipitate  of  pjhosphate  of  barytes,  Wtuble  in  an  excess 
of  muriatic  acid.  I  found  in  thi^  acetic  solution  no  traee  either 
of  muriatic  acid  or  of  potash.  It  appears,  therefore,  that  soda 
and  phosphoric  acid,  as  well  as  the  earthy  phosphates,  are  pro- 
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ducts  of  the  combustion.  As  to  the  portion  of  th«  ash  of 
colouring  matter,  which  was  insoluble  in  water,  it  consisted  of 
the  same  substances  in  nature  and  in  proportion^  as  that  of  the 
fish  of  the  colouring  matter  of  ox  blood. 

The  serum  of  human  bipod  is  composed  (according  to  my- 
experiments)  of 

Water 905-0 

Albumen 80-0 

Substances  soluble  in  alcohol,  viz. 

Muriate  of  potash  and  soda 6 1    -  ^.^ 

Jjactate  of  soda,  united  with  animal  matter.  .4  j 

Substances  soluble  only  in  water,  viz. 
3oda,  phosphate  of  soda,  and  a  little  animall      .  , 

pnatter J 

999-1  * 

Human  albumen  is  more  easily  incinerated  than  that  of  the 
0X9  /ind  contains  more  sodst  and  phosphate  of  soda.  A  hundrecl 
parts  of  the  dried  albumen  give  twelve  parts  of  calcined  ash. 

The  muriates  found  in  human  blood  are  triple  the  quantity  of 
those  in  ox  blood,  owing  doubtless  to  the  salt  consumed  by  maa 
in  his  food.  Human  blood  also  contains  a  larger  proportion  of 
muriate  of  potash. 

On  tlie  wholej  the  great  agreement  in  the  composition  of 
human  and  of  ox  blood  is  remarkable,  and  explains  to  us  the 
possibility  of  the  phenomena  observed  in  the  experiments  in. 
transfusion. 

General  Results  of  the  Analysis  of  Blood. 
1.  Blood  is  composed  of  ope  portion  which  is  liquid  and 

< 

•  I  cannot  refrain  here  from  comparing  my  analysis  with  that  made  in  thii 
f  oontry  by  Dr.  Marcct,  and  given  in  the  second  volume  of  the  Medico-Chirurr 
(ical  Transactions,  p.  370. 

Dr.  Marcet  finds  the  following  ingredients: — 

Water 9000 

Albumen 8d8 

Muriate  of  potash  and  soda. 6*6 

IVluco-ojctractive  matter 4*0 

Sub>carbonatc  of  soda   1*65 

Sulphate  of  potash 0-35 

£artby  phosphates 0'60 

A  more  perfect  agreement  cannot  be  expected  in  the  analysis  of  substances 
liable  to  so  many  accidental  differences,  particularly  in  the  quantity  of  water, 
which  in  the  blood  depends  so  much  on  the  proportion  of  liquids  taken  intp 
the  stomach.  It  is  clear  that  Dr.  Marcet's  extractive  matter  is  impure  lactate 
of  soda  ;  and  I  must  alio  observe,  that  the  sulph.ate  of  potash  and  the  earthy 
phosphates  found  by  him  in  the  ashes  of  scrum,  are  probably,  for  the  reasons 
abave-nentionedy  formed  by  the  process  of  conibustioo. 
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homogeneous^   and  of  another  which  is  only  sui^hded  and 
spontaneously  separates  when  at  rest. 

2.  The  liquid  part  is  a  solution  6f  mtidh  atbulneii  knd  a  tittle 
fihrin^  both  combined  with  soda.  It  also  contains  some  oth<fr 
saline  and  animal  substances,  but  in  vei^  small  quantity. 

3.  The  portion  which  is  suspended  is  the  colouring  matter.  It 
differs  from  the  albumen  chiefly  in  its  colour,  and  its  insoliibility 
in  serum.  The  coteur  seems  to  be  owing  to  iron,-  of  which  if 
contains  ^  per  cent,  of  its  weight,  but.  which  cannot  be  sepa- 
rated from  it  as  long  as  it  continues  to  be  colouring  matter.  This 
separation  can  only  be  affected  by  combustion^  or  by  the  con- 
centrated acids,  both  of  which  ^ents  entirely  decompose  the 
substance  with  which  the  metal  was  combined.  The  colouring 
matter  cannot  be  artificially  produced  by  uniting  albumen  with 
red  subphosphate  of  iron.  * 

4.  Fibrin,  albumen,  and  colouring  matter,  resemble  each 
other  so  closely,  that  they  may  be  considered,  as  modifications  of 
one  and  the  same  substance.*  I  shall  in  future  call  them  alhu- 
minous  contents  of  the  llood^  when  speaking  of  them  collec- 
tively.  These  three  substances  produce  when  decomposed,  but 
do  not  confairiy  earthy  phosphates  and  carbonate  of  lime  5  and, 
indeed,  the  entire  blood  contains  in  solution  no  earthy  phos-^ 
phate,  except  perhaps  in  too  small  a  quantity  to  be  detected. 

5.  The  albuminous  contents  of  the  blood  will  unite  with  acids, 
and  produce  compounds, .  that  may  be  termed  saline ;  these, 
when  neutralized,  will  dissolve  in  water,  but  separate  on  adding 
an  excess  of  acid.  The  acetous  and  phosphoric  acids,  however, 
must  be  excepted,  as  an  excess  of  either  of  these  forms  a  com- 
pound soluble  in  water.  Nitric  acid,  digested  with  the  albu- 
minous contents,  forms  an  insoluble  compound  consisting  of  the 
albumen  in  an  altered  state,  and  of  the  nitric  and  the  malic 
acids.  This  property  of  combining  with  acids  is  retained  in  some 
instances  by  the  albumen  after  it  ha^  undergone  the  changes 
produced  in  the  secretory  organs ;  as  for  instance  in  the  peculiar 
matter  of  the  bile,  the  curd  of  milk,  &c. 

6.  The  blood  contains  no  gelatine,  f 

•  One  of  the  most  striking  points  of  difference  exists  in  the  property  which 
the  colouring  matter  has  of  absorbing  oxygen,  and  thereby  experiencing  a  very 
remarkable  change  of  colour.  Serum  absorbs  very  little  oxygen,  and  only  in 
proportion  as  it  is  decomposed.  Can  the  iron  in  the  colouring  matter  give  it 
this  property  ?  This  is  probable;  but  we  shall  never  arrive  at  any  accurate 
knowledge  of  these  phenemena,  without  first  analyzing  these  elements  of  the 
anitoal  kingdom  with  the  most  scrupulous  exactness.  It  is  then,  and  not  till 
then,  that  we  may  form  conjectures ;  at  present  they  are  useless. 

f  It  gives  me  great  pleasure  to  find  tfiat  an  English  chemist,  Dr.  Bo^tpck, 
has  arrived  at  the  same. conclusion,  without  any  previous  knowledge  of  my 
work,  and  (owing  to  a  delay  inthe  publication)  prior  to  its  appearaoce.  See 
Dr.  Bostock's  experiment^  published  in  the  first  volume  of  the  Medico-Chirur- 
gical  Transactiooi. 
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insoluble  in  alcohol  contains  a  distinguishable  quantity' of  phos- 
phate of  soda,  a  little  6f  a  similar  animal  matter  to  that  found  ia 
the  secretions,  and  also  the  earthy  phosphates  which  were  held  in 
solution  by  the  lactic  acid,  and  were  precipitated  by-  the  action 
of  the  alcohol.  The  urine  posse^es  also  a  number  of  other 
ftubstancesj  which  will  be  specified  when  describing  this  excre- 
tion in  particular. 

Having  thus  given  some.general  views  of  the  compositieiD  of 
all  the  secreted  fluids,  I  shall  proceed  to  give  a  short  account  of 
each  individually. 


Article  VII. 

Analysis  of  the  Chinese  Gong.  By  Thomas  Thomson,  M.D.  F.R.S. 

The  Chinese  gong  is  an  instrument  that  has  been  long  known 
in  this  country,  though  I  am  not  aware  of  any  account  of  its 
constituents  having  been  hitherto  published.  My  friend  Dr.  Reid 
Clanny,  of  Sunderland,  having  some  time  ago  sent  me  a  speci- 
men of  tliis  metal,  with  a  request  that  I  would  ascertain  its 
composition,  I  thought  it  might  gratify  my  readers  if  I  stated 
the  result  of  my  trials  in  the  Annals  of  Philosophy. 

The  Chinese  gong  is  a  large  circular  instmment,  somewhat 
similar  in  shape  to  a  tambourine,  excepting  that  it  is  entirely  of 
metal,  and  that  the  face  is  not  flat,  like  the  face  of  a  tambou- 
rine, but  somewhat  convex.  The  metal  of  which  it  is  composed 
has  exactly  the  appearance  of  bronze.  It  varies  in  thickness  in 
different  parts,  from  the  -j^tli  to  the  ^th  of  an  inch  in  thick- 
ness. The  surface  is  irregular,  and  bears  evident  marks  of  the 
hammer;  yet  the  metal  is  brittle,  and  very  elastic.  When 
broken  it  has  a  granular  texture,  and  its  colour  is^rather  wliiter 
than  any  part  of  the  surface  exposed  by  means  of  a  file. 

This  brittleness  of  the  gong,  although  it  had  obviously  been 
made  under  the  hammer,  naturally  suggested  the  idea  that  it 
would  be  found  malleable  at  some  temperature  between  that  of 
the  atmosphere  and  a  red  heat ;  and  I  was  going  to  undertake  a 
course  of  trials  in  order  to  determine  the  point :  but  Dr.  Wol- 
laston  informed  me  tlrat  he  had  already  made  the  experiment, 
and  found  the  gong  quite  malleable  at  a  temperature  considerably 
below  that  of  a  red  heat.     He  had  been  induced  to  undertake 
his  experiments  in  consequence   of  a  gong  belonging  to.  Sir 
Joseph  Banks  having  cracked.    Dr.  Wollaston  determined  the 
oQiiDpositioB  of  the  metal^   made  a  quantity  of  similar  fdloy^ 
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mended  th^  cFack,  and  restored  the  tone  of  the  instrcnnent.  *rbe 
icrack)  however^  afterwards  ^tended,  as  always  huppeas  in  brittle 
a&4  very  elastic  bctdies.  ,  i 

Every  body,  I  presunae^  knows  that  the  gong  is  nsed  as  a  kind 
of  substitute  for  a  bell ;  that  the  tone  is  at  first  low  ;  but  that, 
by  skilful  beatSfig,  k  becomes  higher  and  higher,  till  it  make^ 
the  whole  house  shake  with  the  loudness  of  its  tones* 

Oae  of  tke  most  remarkable  circumstances  beloogiaff  to  the 
gong  is  ita  specific  gravity.  I  knmd  it  8-955.  Upon  tdcing  rtlfc 
specific  gravity  of  a  piece  of  British  bell-metal  i  found  it  8-S6d. 
This,  however,  was  a  much  more  complicated  alloy  than  th^ 
Chinese  gong.  I  found  it  composed  of  copper,  tin,  lead,  and 
«inc.  The  proportltrtr  of  ToppCr*wa^  nWfty  the  same  as  in  the 
gong ;  but  the  other  constituent,  which  in  the  gong  is  nothing 
but  tin,  1  found  in  tlie  British  bcU^ipeta}^  composed  as  follows  :— 

Tin   ' 101 

Zinc ,■ ., 5*6 

Lead ;..  4-3 

20-0^ 

The  got>g  h  composed  (very  nearly)  of  80  parts  copper  and 
no  of  tin.  The  specific  gravity  of  the  purest  copper  I  have  eveir 
«eeii  was  8-895  :  but  Cronstedt  informs  us  that  Jipan  copper  n 
of  tlie  specific  gravity  9*000.  Now  as  it  is  not  unlikely  that  this 
may  have  been  the  copper  used  in  China  for  manufacturing  the 
gong,  we  shall  suppose  the  specific  gravity  of  copper  to  be  9*000. 
The  specific  gravity  of  pure  tin  is  7*299.  Now  let  the  weight  of 
the  oopper  in  the  alloy  be  a^  and  its  specific  gravity  a;  let  the 
weight  of  the  tin  be  ^,  and  its  specific  grarify  iS.  To  find  the 
specific  gravity  of  the  alloy,  supposing  no  change  of  density,  we 

have  this  foniiuia:  sp.  gr.  =  Vo'+TT        ^"^  ^^  ^'^^  [Mresent 

case  a  =B  4,  a  =  9000,  i  =i=  1 ,  and  g  st  2799.  Hence  the 
specific  gravity  of  the  alloy  ought  to  be  8*337  '  but  it  is,  in  fact, 
6'953 ;  very  nearly  equal  to  that  of  Japan  copper,  and  higher 
than  that  of  any  European  copper  I  ever  met  with  :  so  that  dt 
very  considerable  condensation  has  taken  place,  a  condensation 
amonnting  to  more  than  -^Vth  of  the  lyhole.  This  curious  fact 
of  the  great  increase  of  density  was  known  before,  from  the 
experiments  of  Mr.  Briche  ;  and,  according  to  him,  the  specific 
gravity  is  a  maximum  when  the  alloy  is  composed  of  100  copper 
and  16  tin.  When  the  metals  are  united  in  that  proportion,  the 
density  has  been  found  no  less  than  -^\h  greater  than  the  mean. 
The  Chinese  gong  contains  a  much  greater  proportion  of  tin  than 
16  to  100  of  copper.  Hence  in  it  the  increase  of  density  is  not 
so  great  as  ^^^th. 
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The  analysis  of  bell-naetal  is  so  simple,  and  so  well  known, 
that  it  may  seem  superfluous  to  enter  into  details  ;  but  as  such 
details  are  the  only  means  of  detecting  the  mistakes  into  which 
the  experimentor  may  fall>  I  think  they  ought  never  to  be  neg- 
lected. 

101*85  grains  of  the  gong  were  put  into  a  glass  phisd,  and 
two  ounces  of  moderately  strong  nitric  acid  poured  over  it.  The 
acid  speedily  became  green,  an  effervescence  took  place,  and  a 
white  powder  appeared.  When  the  action  of  the  acid  appeared 
at  an  end,  it  was  decanted  off,  and  two  ounces  more  x>f  the  same 
acid  substituted  in  its  place.  Tlie  whole  copper  was  dissolved  by 
this  last  portion,  tind  a  white  powder  remained  at  the  bottom  of 
the  phial.  The  acid  solution  was  decanted  off,  and  the  iVhite 
powder  carefully  wajslie4  with  distilled. wate£«   .  -  ^ 

The  acid  solution  was  evapprated  to, a  small  quantity,  tp  get 
rid  of  the  excess  of  acid.  During  the  evaporation  a  portion  of 
white  powder  precipitated.  It  was  separated  by  the  alter,  and 
mixed  with  the  first  portion.  The  white  powder  thus  ohtaioed 
was  dried  in  the  opea  air.  It  acquired,  when  dry,  a  tinge  of 
green.  Conceiving  tliat  this  might  be  owing  to  the  presence  of 
copper,  I  digested  it  for  a  week  in  nitric  acid;  but  no  copper  was 
;takeo  up.  It  was  then  dried,  and  ex])osed  to  a  red  heat.  In  that 
state  it  was  ycUow,  and  weighed  25*36  grains.  Now  this  jrellow 
powder  was  peroxide  of  tin,  which  is  a  compound  of  1  atom  tin 
and  4  atoms  oxygen,  or  of  14*705  tin  +  4  oxygen:  and  14*705 
:  4  ::  25'S6  —  j; :  j;  =  5*423.  Hence  tlie  quantity  of  tia  in 
the  oxide  was  19*937;  but  the  quantity  of  gopg  analysed  was 
101*85  grains:  100  graips,  therefore,  contain  19*573  grains  of 
tin.  This  approaching  so  near  20, 1  have  supposed  that  -fth  was 
the  proportion  of  tin  intended  to  be  mixed  with  the  copper. 

The  nitric  acid  solution  was  evaporated  to  dryness,  redisaolved 
in  water,  and  tried  for  silver  by  nitrate  of  silver,  and  for  lead  by 
sulphate  of  soda.  No  precipitate  appeared  in  either  case.  Hence 
X  consider  myself  entitled  to  regard  the  gong  as  free  from  both 
silver  and  lead.  To  see  whether  any  zinc  was  present,  the  nitrate 
was  mixed  with  as  much  sulphuric  acid  as  was  sufficient  to  satu* 
rate  the  copper.  It  was  then  evaporated  to  dryness^  redissolved 
in  water,  and  set  aside  for  spontaneous  crystallization.  Regular 
crystals  of  sulphate  of  copper  were  obtained  to  the  very  last  drop. 
Hence  no  zinc  was  present.  The  gong,  by  my  trials^  was  an 
alloy  of 

Copper 80*427 

Tin 19-573 

100*000 
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l^hinoir  09i  ik^'DefiffrrHifHt/iion-  of  the  Sfiecific  Heat  qf  tke ' 
:    diffierent  Gases.    By  MM.  F.  Delinx*e,  M.!>.  and  J.  E* 
Berard* 
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^  '    EtpIcmdiioH  fifths  ^Methiajhimjubd:  U  ohr  Reseahh^. 

...I.       ii  J.r^Def(xripii^^Qfi  il^i Calmm^ter.    .;  ; 

TftE  ofcjcor  ^ which  wift'liaa  Ih  S^feir  fer  tfie'fexfyeriments  that  we 
tre  about  to  describe  -^t^s'tli^dctchWiAstlbfi^oF^tfiiB  specific  h 
of  sievcralgA^s,  acJtordiiJg to  the{MAcgffi?ifi*^*iifet!iaHy  attached  to 
that  Wdrd  ^  that  16  to  say,  tO  d'eierirtin^  i\bW  ixivtch  caloric  is 
necessary  to  rafee  tliem  from  a  givetf  lerttperatii?^'  to  a  higher 
tenperature,  likewise  ]gtteh ;  oir,  whScH  cdmesto  the  sartne  tliirig, 
how  much  heat  they  give  out  in  passiftg'fWhi  the  fiighet  tempe-^ 
retOKto  the  lower:  We 'have  riot:  ^ff^thpted'tb  deferiiiihe  the 
eflfeet  produced  by  the  change  of  their  ^cTfic  heat,-  in  conse-^ 
quence  of  a  cliange  of  their  ternperatur^V  a  chzlnge  which*  ought 
fb  be  more  sensible  in  the  gases,  ih  coi^equeiWie  of  their  grtat 
•  dilatability,  than  in  other  bodies/  and  \Vhioh  Gay-Lnssac  has 
proted'to  exists  though  it  would  hare  been  very  difficult  for  us 
10  d^ermine  it  by  means  of  our  apparatus. 

The  solution  of  the  question,  such  as  we  consider  it,  is  not 

Suite  60  simple  as  may  at  first  sight  appear;  but  presents  consi- 
erablie  difficulties,  wtmt  process  soever  we  pursue.  We  hesitated 
foraoitie  time  about  the  plan  that  ^'e  ought  to  follow  in  order  to 
gain  6ur  object.     We^  rejected  at  once  the  process  of  Crawford, 

'  Hod  likewise  the  calorimeter  of  ice:  1st.  Because  it  did  not 
seeta  susceptible  of  precision  when  such  small  quantities  of  heat 
are  employed  as  those  that  the  gases  give  out  in  cooling  some 
degrees.  2d.  Because,  when  we  employ  it,  there  is  almost  an 
impossibility  of  determining  the  tentperature  of  the  gases  when 
th^iewter  the  interior  chamber.  Sd.  Because  it  is  necessary  to 
use  dry  gases,  which  would  make  the  apparatus  too  complicated* 
We  conceived  the  idea  of  employing  a  calorimeter,  in  which, 

•  insread  of  determining  the  heat  disengaged  during  the  cooling  of 
the  gases  by  the  ice  melted,'  we  should  determine  it  by  the 
quantity  of  water  or  ether  evaporated;  but  we  found  this  process 
attended  with  such  difficulties  as  induced  us  to  renounce  it.  At 
last- we  determined  to  employ  another,  founded  on  the  following 
considemtiohs. 

Suppose  we  have  a  constant  and  uniform  source  of  heat,  the 
whole  of  which  acts  upon  a  body,  A,  suspended  in  tb^air;  this 
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body  will  become  gradually  hotter  and  hotter,  till  it  reaches  a 
-temperature  when  it  loses  as  much  heat  as  it  receives.  At  this 
point  its  temperature  will  become  stationary,  if  that  of  the  air 
does  not  vary. 

On  the  other  side,  it  is  a  principle  generally  admitted,  and  the 
justice  of  which  cannot  he  questioned  when  confined  to  small 
differences  of  temperature,  that  .the  quantity  of  heat  lost  every 
instant  by  a  hot  body  suspended  in  the  air  is  proportional  to  the 
excess  of  its  temperature  above  that  of  the  surrounding  air. 

It  is  evident,  from  these  two  principles,  that  if  we  subjeet  a 
body,  A,  to  the  action  of  different  uniform  sources  of  heat,  the 
ratio  of  their  intensity  will  be  equal  to  that  of  the  excess  of  the 
temperature  of  the  body.  A,  when  it  becomes  stationary,  above 
that  of  the  ambient  air ;  since  the  body.  A,  arrived  at  tUs  maxH 
mum,  receives  at  each  instant  the  heat  which  it  loses. 

Now  let  us  conceive  a  thin  copper  cylinder,  A  B,  (Fig.  1, 
Plate  X.)  G  inches  long,  and  3  in  diameter,  filled  with  distilled 
water,  and  traversed  by  a  serpentine  of  about  5  feet  in  length, 
forming  8  spiral  turnings,  the  two  ends  of  which  open  withoMt 
the  vessel,  the  one  at  the  top,  the  other  at  the  bottom.  If  we 
make  a  regular  current  of  gas  traverse  this  serpentine,  maiQ<> 
tained  before  its  entrance  at  an  elevated  and  constant  tempera- 
ture, this  current  mav  be  considered  as  an  uniform  source  of 
heat,  and  the  cylinder,  A  B,  as  the  body,  A.  Of  course,  if 
we  repaat  the  same  experiment  upon  each  of  the  gases,  each 
current  will  raise  the  temperature  of  the  cylinder,  A  B,  ta  a- 
fixed  point,  where  it  will  remain  stationary;  and  it  follows  from 
tlie  principles  announced  above,  that,  reckoning  from  this  point, 
the  excess  of  the  temperature  of  the  cylinder,  A  B,  above  tluit 
of  the  ambient  air,  will  be  proportional  to  the  quantity  of  lieat 
given  out  by  the  current  of  gas  that  passed  through  the  cylinder. 
£(ence  we  shall  obtain  by  this  method,  with  great  exactness,  the 
relative  specific  heats  of  the  gases  subjected  to  this  kind  of  expe- 
riment. There  are,  likewise,  two  methods  of  comparing  tliea 
with  waterJ 

The  first  consists  in  subjecting  the  cylinder,  A  B,  which  we 
shall  afterwards  call  the  calorimeter^  to  the  action  of  a  current  of 
tauter,  perfectly  regular,  and  so  slow  that  it  will  hardly  produce 
a  greater  effect  than  tlie  current  of  tlie  diflferent  gases. 

The  second  method  consists  in  determining  by  calculation  the 
real  quantity  of  heat  which  the  calorimeter,  come  to  its  stationary 
temperature,  can  lose  in  a  given  time  ;  for  since  after  it  reaches 
this  point  it  does  not  become  hotter,  though  the  source  of  heat 
continues  to  be  applied  to  it,  it  is  evident  that  it  loses  as  much 
heat  as  it  receives.  We  shall  employ,  in  the  sequel,  these  two 
lOetliods  in  succession. 

It  k  obvious  that  it  would  have  been  exceedingly  tedious  to^ 
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raise  the  temperature  of  tlie  calorimeter  as  high  as  it  could  be 
raised  by  the  sole  effect  of  a  current  of  gas,  and  that  the  obser-^ 
vation  of  the  rate  at  which  it  rose  during  such  a  process  would 
have  been  of  no  utility.  We  thought  it  better  to  raise  it  artifi- 
cially, by  means  of  a  lamp  of  spirit  of  wine  placed  under  it,  to 
a  point  which,  from  preliminary  trials,  we  knew  to  be  neur  that 
when  the  temperature  would  become  sitetionary.  We  then  madf 
the  current  of  hot  ga^  pass  through  it,  and  observed  its  tempera* 
ture  every  ten  minutes.  Notwithstanding  this  precaution,  it 
would  have  been  still  very  tedious  to  have  waited  till  the  cylinder 
had  reached  its  true  maximum,  apd  even  dUBcult  to  have  deteir 
mined  that  point  by  inspection.  We  found  it  more  convenient 
to  stop  the  process  when,  from  the  slowness  of  the  heating,  wc 
judged  that  the  calorimeter  was  within  0*5,  or  0*7  of  a  degree 
of  its  maximum.  Then  raising  the  calorimeter  till  it  passed  the 
maximum  a  little,  and  making  the  current  of  gas  to  pnss,  the 
calorimeter  began  to  cool.  We  observed  the  rate  of  cooling 
every  ten  minutes,  and  stopped  the  process  when  we  judged  that 
it  had  come  as  near  the  maximum,  on  the  one  hand,  as  we  had 
got  by  the  heating  process,  on  the  other.  Taking  the  mean 
between  these  two  points,  we  obtained  exactly  the  maximum 
poibt,  at  which  the  calorimeter  would  Imve  remained  stationary 
if  tlie  current  of  hot  gas  had  been  long  enough  continued. 

We.  determined  the  temperature  of  the  calorimeter  by  mean^ 
of  a  thermometer  with  a  cylindrical  bulb,  almost  equal  in  length 
to  the  height  of  the  calorimeter.  An  opening,  C,  made  in  the 
cover  allowed  the  stem  of  the  thermometer  to  pas?  cut.  The 
thermometer  had  a  veiy  fine  bore.  Every  degree*  was  0*39 
inch  in  length,  which  was  divided  into  10  parts,  each  of  which^ 
by  a  little  practice,  we  were  able  to  subdivide  by  the  eye  into 
other  10  parts.  We  were  certain  of  not  committing  an  error 
equivalent  to  2  of  these  last,  or  to  0*02  of  a  degree.  As  it  was 
of  equal  importance  to  know  with  accuracy  the  temperature  of 
the  air  which  surrounded  the  calorimeter,  we  suspended,  at  the 
diistance  pf  3  inches  from  it,  a  very  sensible  thermometer. 

Before  entering  into  the  details  of  our  experiment,  we  must 
describe  the  methods  which  we  employed  in  order  to  obtain  an 
uniform  current  of  gas,  to  give  it  a  constant  temperature,  to 
determine  its  temperature  when  it  entered  and  left  the  calori- 
xi^ter,  and  to  appreciate  the  causes  which  might,  independent  of 
that  current,  raise  the  temperature  of  the  calorimeter. 

*  Tbe  deirrees  alluded  to  in  the  paper  are  those  of  the  centij^rade  thermo- 
meter, each  degree  of  which  is  to  a  degree  of  Fabretiheic,  as  9  to  5  j  so  that  had 
the  thermometer  been  divided  into  Fabrefiheirs  4«§rees,  csaeh  4egr«e  ir«uM 
ll|¥C  been  0*21  Q  inch  in  len^th,*-.^. 
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§  II. — Apparatus  employed  to  make  a  regular  Current  of  koi 

Gas  pass  through  the  Calorimeter. 

We  employed,  in  order  to  procure  an  uniforxn  current  of  gasj 
a  gazometer,  which  we  believe  was  invented  by  Dr,  Wollastpni 
and  which  unites  a  great  deal  of  simplicUy  with  the  greatest  pre- 
cision. A  few  words  will  explain  the  nature  of  this  ineenibus 
instrument.  Suppose  a  globular  glass  vessel,  A,  {^\g.  2y)  filled 
with  w^ater,  and  placed  above  a  reservoir  of  glass  or  m^tal^  Bi 
filled  with  any  gas  insoluble  in  water.  X^et  these  two  vessel^ 
conamunicate  by  a  vertical  tube,  C  D^  which  may  be  shut  by  a 
stop-cock,  E.  Suppose,  likewise,  that  the  upper  surface  of  the 
water  contained  in  A  is  G  H.  It  is  evident,  that  if  we  open  the 
stop-cock,  E,  tlie  water  will  fall  into  the  vessel,  B,  and  drive  out 
the  gas,  which  will  make  its  escape  by  the  mouth,  L,  (the  stop- 
cock, M,  being  open).  It  is  eqiially  obvious  that  the  force  with 
which  the  water  of  the  vessel,  A,  will  run  down,  at  first  equal 
to  the  column  of  water,  H  K,  will  diminish  in  proportion  as  the 
surface  of  the  water,  G  H,  sink$.  But  then,  if  we  shut  exactly 
the  mouth,  F,  and  establish  the  communication  of  the  vessel, 

A,  with  the  external  air  by  the  tube,  N  O,  open  at  its  two  ends, 
the  air,  in  order  to  introduce  itself  into  the  vessel.  A,  aiid  fill 
up  the  place  of  the  water  that  has  run  oiit,  must  overcome  the 
pressure  of  the  column  of  water,  H  1.  Of  course  the  water 
will  only  run  into  the  vessel,  B,  with  a  force  equal  to  the 
column  H  K,  minus  H  I,  that  is  to  say,  the  column  1  K,  which 
is  a  constant  quantity,  as  long  as  the  surface  of  the  water  conti- 
nues higher  than  O  I.  Now  suppose  the  reservoir  B  be  totally 
emptied  of  gas,  and  filled  w^ith  water  from  the  vessel,  A.  Shut 
the  stop-cock?,  E,  M,  and  introduce  by  the  tube,  Q  R,  which 
goes  to  the  bottom  of  the  vessel,  a  constant  current  of  gas, 
coming  from  a  similar  gazometer.  In  these  circumstances,  if 
we  open  the  stop-cock,  P,  to  let  out  the  water  from  the  reservoir, 

B,  it  is  clear  that  tiiis  gas,  in  order  to  get  into  the  reservoir,  B, 
is  obliged  to  overcome  a  resistance  represented  by  the  column  of 
\vater  which  this  reservoir  contains.  On  the  other  hand,  it  i^ 
iittracted  by  an  equal  force,  namely,  the  force  with  which  this 
water  tends  to  run  out  by  the  stop-cock,  P,  and  which  is  repre- 
sented by  the  same  column.  Tlie.^e  two  forces  being  equal,  and 
opposite,  it  follows  that  the  regularity  of  the  gas  enterinig  by  the 
tul.c,  Q  K,  will  not  be  disturbed, . and  that  the  reservoir,  B, 
will  be  tilled  wiih  gas  coming  from  the  other  gazometer,  with- 
out havipiT  any  t'ftort  to  overcome.  The  stop-cock,  E,  remaining 
shut  (hiring  the  whole  of  this  operation,  there  will  be  time  to 
oper)  the  mouth,  F,  and  to  fill  the  vessel.  A,  with  water,  in 
Pfder  to  recoq;imence  the  operation.    It  is  easy  to  se^  Vhat  with 

5  "       ■ 
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two  timilar  gazometers  we  may  make  a  certain  quantity  of  gas 
pass  from  the  oae  tg  the  othei  as  often  as  we  please,  without 
interruption.  , 

Wheo  3sptieTicBl 

tit,  when  1  11  often 

fiomone  air  cod- 

taibed  in  ity  of  the 

cat  wiil  b  have  pro- 

duced a  e  gas,  or 

plefiant  g  aperfectly 

soluble  in  us  to  re- 

nounce th  aiethod  of 

ot>viating  ospherical 

air  into  tl  which  we 

wish  to  ci  in  a  glo- 

bular viess  t\\e  reser- 

v(M^,  B.  IT  current 

of  fttmosi  B,  to  the 

vessel,  lU  accurately 

fhut,  tbie  there  will 

issue  out  i  gas  con- 

tained in  ine  oiaaaer. 

T^  on  the  other  hand,  we  suppose  tliat  tlie  constant  current 
issuing  from  the  bladder,  \,  enters  into  another  bladder,  V, 
(6g.  4.)  which  is  empty,  and  placed,  in  the  ^aipe  manntr  as  the 
first,  in  another  globular  vessel,  M',  which  is  fiitl  of  air,  and 
communicates  with  the  reservoir',  B',  of  the  other  gazometer, 
]jy  the'  tube,  C,  which  reaches  down  to  its  bottom.  'I'he  reser- 
v(nr,  B',  being  full  of  water,  and  its  stop-cock,  P,  open,  the 
Uadder,  V,  will  become  gradually  filled  with  gas,  and  will  drive 
the  iiir  of  the  globular  vessel,  M  ,  into  the  reservoir,  B',  in  an 
uniform  current.  It  is  now  easy  to  farm  an  idea  of  the  apparatus 
which  we  employed,  and  of  which  we  have  given  a  vertical 
projection  in  ng.  5. 

B  and  B'  are  the  two  lower  reservoirs  of  the  two  gazometers. 
The  reservoir,  B,  is  supposed  full  of  air,  and  B'  full  of  water.  V  is 
a  bbidder  filled  with  gas,  whose  speciGc  heat  is  to  be  determined, 
hydrogen  gas,  for  example.  I'he  corresponding  bladder,  V,  is 
empty ;  a,  b,  c,  d,  e,J',  g,  li,  are  the  stop-cocks.  Let  us  suppose 
a,  c,j,  h,  alone  open,  if  we  make  the  gazometer,  B,  act,  a  regu- 
lar current  of  common  air  will  flow  out  uf  B,  and  pass  into  the 
globular  vessel,  M.  It  will  compress  the  bladder,  V,  and  force 
but  a  current  of  hydrogen  gas.  This  gas  will  pass  through  tha 
tube  C  D  E,  about  40  inches  in  length,  and  which  is  surrounded 
by  a  larger  lube,  F  G.  This  last  tube  is  kept  filled  with  the 
steam  of  boiling  water  by  means  of  a  small  boiler,  K,  filled  with 
n-ater,  and  kept  constantly  boiling.     The  steam  passes  througl) 
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tlie  tube,  K  F,  into  the  tube,  F  G,  passes  through  the  whole  of  it, 
aod  makes  its  escape  by  the  tube,  G  I.  The  part,  D  E,  of  the 
tube  through  which  the  gas  passes,  is  long  enough  to  enable  the 
gas  during  its  passage  to  acquire  very  nearly  the  teniperature  of 
boiling  water-  The  gas,  when  it  leaves  this  tube,  pusses  into 
the  calorimeter,  I^,  where  it  gives  out  its  heat,  and  then  isbues 
out  by  the  tube,  N  O,  which  conducts  it  to  the  bladder,  V.  It 
fills  this  bladder,  driving  the  air  of  tlie  vessel,  M^  into  the 
reservoir,  B^  by  a  tube  which  plunges  to  the  bottoo)  of  th^ 
f^ervoir. 

^  When  qU  the  air  has  be^  driven  out  of  the  reservoir,  B,  ao4 
water  has  been  substituted  ia  its  place,  then  tne  bladder,  V,  it 
empty,  and  th^  vessel,  M?  full  of  air  from  the  reservoir  B.  Tlit 
bladder,  V,  is  full  of  hydrogen,  and  the  reser\'oir,  B^  full  pf 
fiir,  from  the  vessel,  M^.  If  we  now  shut  at  once  the  stop^cocks 
^»  ^>yi  A»  and  open  g^  e,  d,  i,  and  put  the  gazometer,  B',  into 
fiction ;  then  the  air  issuing  from  the  gioometer  by  the  stop-cock 
gy  will  fill  the  vessel,  M'',  press  upon  the  bladder,  V^  and  cause 
an  uniform  current  of  hydrogen  g^s  topass  through  the  stoprcoc^ 
f,  into  the  tube,  D  £,  where  it  will  be  heated*  It  will  then  pest 
through  the  calorimeter,  and  issuing  out  by  the  tube,  N  O,  it 
will  pass  through  the  stop-cock,  J,  into  the  bladder^  V,  will  fill  it, 
^nd  drive  the  air  of  the  vessel,  M ,  into  tlie  reservoir,  B.  Thus 
matters^.will  be  brought  to  their  primitive  state,  and  we  may 
commqnpe  the  f)rocess  as  at  first.  With  a  bladder  fillf:d  with 
hydrogen  gas  we  nmy  pass  an  uniform  current  as  long  as  w^ 
please  through  the  calorimeter }  and  we  know,  from  experience^ 
that,  notwithstanding  the  continual  a^tation  given  to  this  gas  by 
making  it  move  so  frequently  through  so  long  a  circuit,  it  does  not 
contain,  after  having  circulated  for  six  hours,  tliree  per  cent,  of 
impurities^* 

The  greatest  part  of  the  apparatus  which  has  been  described 
is  contained  iu  the  same  room  ;  but  the  calorimeter,  the  ends  of 
the  tubes  D  E,  F  G,  and  a  part  of  the  tubes  G  I,  NO,  are  ii| 
pother  room,  separated  from  the  first  by  the  door,  P  Q,  which 
has  proper  Ivoles  in  it  to  allow  the  tubes  to  pass.  Tins  second 
room  lacing  but  seldom  opened,  the  air  which  it  contains,  and 
wliich  surrounds  the  calorimeter,  is  seldoin  agitated,  ^d  it^ 
temperature  scarcely  varies. 


*  The  gas  rnntinnally  aj^itnted  in  moi^t  bladders  wa$  ahyays  saturated  vHI| 
humidity  at  ilio  fnnperature  of  the  bladders.  Thoi^gli  we  took  no  precautions, 
to  dry  if,  we  do  not  think  that  the  vai»oar  produred  any  sensible  effects  uport 
our  results:  1st.  I>e>"au^e  non^  could  be  deposited  in  the  calorimeter,  whichi 
was  ahvays  a  s;ooi\  deal  hotter  than  the  bladders.  2d.  Beci\use  it  cobM  only 
act  as  a  mixed  gas;  and  although  the  vapour  of  water  has  twice  as  great  s\ 
specific  heal  as  the  snme  volume  of  air,  we  made  our  experiments  at  a  tem- 
|;ifniturc  too  la  if  (48?  Fahreiiiicit)  for  it  to  produce  any  scnpibl?  effect. 
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'J  III, — Method  of  determimng  the  Heat  given  out  by  the  Ch$ 

in  ptmsing  through  the  Calorimeter, 

In  the  description  which  'we  have  given  of  our  gazometers  we 
fcave  explained  the  methbd  femploy^d  to  heat  the  gases.  It  is 
obvious,  that  whether  they  reached  the  temperature  of  boiling 
water,  or  remained  a  little  colder,  they  would  always  acquire  a 
constant  temperature.  It  was  necessary  to  know  this  temperature 
before  they  entered  into  the  calorimeter.  It  must  have  been  less 
than  that  of  boiling  water  ;  for  it  was  not  certain  that  It  would 
Acquire  that  temperature  in  paissitig  through  the  tube  5  and  even 
if  it  had,  ass  it  had  to  pass  through  a  small  portion  of  ^he  tube 
not  surrounded  whh  et^m,  before  getting  into  the  calorimeter, 
its  temperature  would  necej^sarily  sink  «onjewhat  in  that  place. 
It  seems,  at  first  sight,  that  it  ivOuld  Have  been  easy  to  determine 
this  temperature  at  thii  entrance  of  the  gas  into  the  calorimeter, 
by  means  of  a  thermometer  placed  in  that  spot,  irt  the  middle  of 
the  current;  but  we  convinced  ourselves,  by  experiments  too 
ledinus  to  describe  here,  that  a  thermometer  placed  in  suchu 
lifeoation  always  stands  lower  than  the  true  temperature  of  tha 
currents  It  will  be  e^  to  perceive  that  thi^  nfiu*t  be  the  case,  if  we 
iFiAect  that  bodies  placed  in  an  aeriform  fluid,  being  influenced 
ts  to  their  temperature  by  the  surrounding  bodies,  assume  a 
middle  temperature  between  that  of  these  bodies  and  the  aeri- 
form fluid  with  which  they  are  surrounded.  In  the  present  casCj 
the  tube,  in  the  centre  of  which  the  thermometer  is  placed, 
being  coWer  than  the  gas,  must  act  upon  the  thermometer  by 
means  of  its  radiating  quality,  and  sink  its  temperature.  We 
aftoeytained,  by  experiment,  that  a  thermometer  with  a  gilt  bulb 
^ood  always  higher  in  such  a  situation  than  a  common  thermo-* 
ineter, 

This  difficulty  of  appreciating  the  temperature  of  a  current  of 
gas  at  its  entrance  into  the  calorimeter  induced  us  to  make  the 
tube  between  the  va])our  tube  and  the  calorimeter  as  short  as 
possible.  By  this  means  we  succeeded  in  having  the  temperature 
of  the  gas  very  little  lower  than  that  of  boiling  water ;  and  as 
we  were  certain  that  this  temperature  could  neither  be  lower 
tlian  that  indicated  by  the  thermometer,  nor  higher  than  that  of 
boiling  water,  it  is  obvious  that  by  taking  the  mean  between 
these  two  temperatures  we  could  not  commit  an  error  of  great 
importance.* 

We  did  not  exj^erience  the  same  difficulty  in  determining  the 
temperature  of  the  gases  after  they  came  out  oi'  the  calorimeter, 
fii  thermometer  placed  at  the  end  of  the  serpentine  showed  ut 

f  T\\e  thf  rmometfr  wuaUy  stood  between  199^  Mkd  !g04»  FahrtnlHJiU 
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that  it  gave  out  the  whole  excess  of  its  heat>  and  that  it  issued, 
out  exactly  at  the  temperature  of  the  water  of  the  caloric 
meter. 

Hence  we  concluded  that  the  h^at  given  out  by  the  gasei^  was 
equal  to  the  excess  of  their  temperature  at  theik'  entiy  into  the 
calorimeteir^  such  as  wc  deterqained  it^  above  that  of  the  calorir 
meter. 

§  rV. — Influence  of  the  Tule  tvkick  served  to  heat  the  Gases 
upon  the  Temperature  of  the  Calorimeter. 

An  inoonveoience  attended  tlie  shortening  of  the  intennediatff 
tube  between  the  vapour  tube  and  the  calorimeter.  The  calorir 
meter  was  heated  directly  by  communication,  independent  of  tl^ 
heat  which  it  received  from  the  gas  which  circulated  in  its  inte? 
rior.  Now,  as  notwithstanding  all  the  precautions. that  could  bt 
taken  to  measure  the  heat  received  bv  tlie  calorimeter  from  that 
cause,  some  error  might  have  been  committed  in  the  measure- 
ment, it  was  necessary  to  make  it  as  little  as  possible,  that  it 
might  be  neglected  without  risk.  On  this  account  we  employed 
for  that  part  of  the  tube  a  tube  of  glass,  because  that  subotanct 
is  a  bad  conductor  of  heat.  This  tube,  0*8  inch  in  length,  and 
O'S  inch  in  diameter,  was  fixed  to  the  apparatus  in  the  followio|; 
manner,  a  little  complicated  in  appeiarance,  but  very  easily 
executed^  and  having  the  great  advantage  of  renderipg  lut^  of 
so  use. 

.  The  sides  of  our  calorimeter  are  strengthened  below  by  a 
pretty  thick  plate  of  copper,  about  0*8  inch  high,  firmly  soldered 
on,  and  covering  nearly  one -half  of  the  circumference^  as  may 
be  seen  in  fig.  6,  which  represents  a  horizontal  section  of  the 
calorimeter  through  its  lower  part.  This  plate  has  fixed  to  its 
two  extremities  two  rods,  b  by  1/  If ^  six  inches  long,  and  cut 
half  their  length  into  the  threads  of  a  screw^  upon  which  are 
fixed  the  nuts,  C,  C^.  The  middle  of  this  plate  is  pierced  with 
a  hole,  d  dj  which  coincides  with  the  orifice  by  which  th^ 
inferior  part  of  the  serpentine  opens  outwards.  Round  the  hole 
is  a  flat  place,  ffj  destined  to  receive  a  piece  of  leather. 

Fig.  7  represents  the  extremity  of  the  tube  filled  with  vapour, 
which  serves  to  heat  the  gases.  This. extremity  is  of  copper. 
The  plate,  E  E,  which  terminates  it,  is  pretty  thick,  and  pierced 
in  its  middle  with  an  opening,  1 1,  communicating  only  with 
the  interior  tube,  which  contains  the  gas.  This  opening  is  sur^ 
rounded  externally  with  a  flat  place,  L  L,  which  receives  a  round 
piece  of  leather.  Immediately  in  the  neighbourhood  of  the 
terminal  plate  is  the  tube  R  S,  which  opening  into  the  inside  of 
the  vapour  tube,  allows  the  vapour  and  the  condensed  water  to 
fiscape,  and  carries  them  to  a  distance  from  the  calorimeter.    It 
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is  the  same  tube  that  is  represented  by  G  1  in  the  horizontal 
section  of  the  apparatus,  fig.  5. 

MM,  N  N,  are  two  oval  plates,  pierced  in  their  centre  by  a 
circular  opening,  which  receives  the  vapour  tube^  to  which  fhej 
are  firmly  fixed.  At  each  bf  their  extremities  is  a  hole,  suffi- 
ciently large  to  give  passage  to  the  rods,  b  b,  1/  b\  fixed  to  the 
calorimeter,  and  represented  in  fig.  C.  ^ 

it  is  easy  to  see  that  when  the  extremity  of  the  vapour  tube  U 
presented  to  the  calorimeter,  and  the  metallic  rods  4re  made  to 
pass  through  corresponding  openings  in  the  wooden  disks,  ,M  M, 
N  N,  the  opening,  I  J,  of  the  gas  tube  will  be  exactly  opposite 
to  the  opening,  rfd,  of  the  serpentine.  If  we  interpose  between 
ihe  two  openings  a  tube  of  glass  of  the  requisite  size,  and  such 
that  its  extremities,  ground  with  care,  press  against  the  disks  of 
teattier  which  cover  the  fiat  feces,  ff^  L  L ;  and  if,'  by  means 
of  the  nutsj  C,  C,  we  force  the  extremities  of  the  vapour  tuljc 
to  approach  as  near  as  possible  to  the  calorimeter,  then  the  tuba 
cli  ^lass  firmly  fixed  between  the  two  disks  of  leather  wnll  estiK 
blish  a  communication  between  the  gas  tube  and  the  calorimeter^ 
pnd  will  prevent  all  gas  from  escaping  in  any  other  iRrect ion,  \ 
\  Jn  describing  our  apparatus  we  have  said  that  the  calorimeter 
Was  in' a  different  room  frohi  that  of  the  rest  of  the  apivaratus, 
and  that  the  communication  took  place  by  means  of  a  he  le  niadt 
In  the  door  (fig.  5).  As  a  part  of  the  vapour  tube  was  in  the 
same  room  with  the  calorimeter,  it  was  screened  from  the  effect 
i)f  radiation  l)y  covering  the  hot  tube  with  a  box  oi  tin  plate^ 
properly  disposed  to  allow  no  radiant  heat  to  pass,,  and  that  the 
air  which  surrounded  this  tube  should  have  no  communication 
with  that  which  surrounded  the  calorimeter.  • 

Notwithstanding  all  these  precautions  we  could  not  prevent 
the  calorimeter  from  being  a  little  heated  by  the  vajwur  tube  by 
immediiate  communication.  We  endeavoured  to  determine  to 
how  much  that  cause  of  heat  amounted.  We  have  ascertained 
that  when  it  acted  alone  it  amounted  to  3*1^  (5^^  Fahrenheit)  ; 
and  we  think  we  may,  without  sensible  error,  reckon  it  at  2*^ 
{4i  Fahrenheit)  when  the  calorimeter  was  healed  likewise  by  the 
current  of  hot  gas.* 

•  The  preceding  details,  perhaps,  will  be  thought  rather  long ; 
but  we  considered  it  improper  to  omit  them,  because  they  wilj 
enable  the  reader  to  appreciate  the  accuracy  of  our  results.  We 
hope  that  the  experiments  which  we  shall  next  describe  will 
poerit  the  confidence  of  philosophers  and  chemists^ 

(To  be  continued,) 
«  See  oote  1  at  the  end  of  (his  paper. 
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Aeticle  IX. 

Aruilj/sis  of  the  Chyle  of  the  Horse.    By  M.  Vanquelm.* 

M.  Vbrribr,  Clinical  Professor  at  the  Veterinary  School  ci 
Alfort,  had  the  goodness  to  procure  me,  at  «iy  request,  tht 
dbyle  of  two  horses,  which  be  destroyed  by  blowing  air  into  the 
left  jugular.  These  horses,  though  exhibiting  some  sympcoms 
of  the  glanders,  were,  notwithstanding,  in  good  condition,  and 
had  the  appearance  of  good  health.  One  of  thecn,.  aged  four 
years,  was  a  stallion  ;  the  other,  aged  eight  years,  was  a  geldings 
iSoth  of  them  had  eaten  abundantly  of  bay  and  oats  before  tb^ 
death.  They  were  opened  immediately  after  death,  and  the 
thoracic  duct  was  tied  near  its  insertion  into  the  right  axillary*    . 

The  first  of  these  horses  furnished,  by  means  of  a  puncture 
towards  tiie  middle  of  the  thoracic  duct,  a  considerable  quantity 
of  chyle,  of  a  red  colour,  but  less  intense  than  that  of  bloodi  . 
There  w^as  obtained,  likewise,  by  puncturing  one  of  the  siib^ 
lumbar  branches^  a  cotisiderable  quantity  of  chyle  as  white  at 
milk. 

The  second  horse,  by  puncturing  the  middle  of  the  thoracie 
duct,  yielded  a  quantity  of  reddish  chyle;  but  it  was  not  prape  ' 
ticable  to  puncture  the  sublumbar  branches,  and  procure  whitfe 
chyle,  as  was  done  with  the  first  horse. 

As  1  examined  each  of  these  portions  of  chyle  separately,  I 
shall,  in  order  to  be  better  understood,  denote  each  by  number^ 
in  the  order  according  to  which  I  propose  to  treat  of  them.  I 
shall  call  No.  1  the  portion  of  chyle  drawn  from  the  middle  of 
the  thoracic  duct  of  the  first  horse ;  No.  2,  the  white  portion  of 
chyle  furnished  by  the  sublumbar  branches  of  the  same  animal ; 
and  No.  3,  the  chyle  obtained  from  the  thoracic  duct  of  the 
second  horse. 

When  we  examine  what  anatomists  and  physiologists  have  said 
of  chyle,  we  find  very  little  that  can  throw  light  upon  its  checbi* 
cal  nature.  They  have  all  described,  with  more  or  less  exactness^ 
its  physical  characters,  and  the  modifications  which  it  undergoes 
in  different  circumstances.  I  shall  here  give  a  short  abstract  of 
their  remarks  upon  this  subject. 

Lister  observed  chyle  swimming,  like  a  species  of  oil,  on  the 
surface  of  blood  and  of  serum.  Wepfer  observed  that  a  kind  of 
cream  formed  on  the  surfsi/ce  of  chyle.  Bourdon,  Pecquet^ 
Bartholin,  Monro,  &c.  announced  the  coagulation  of  chyle, 
both  in  the  vessels  which  contain  it,  and  in  the  open  air.  Bohn, 
Berger^  Ash,  described  butyraceous  globules  swimming  in  aa 

/  Traitflated  from  the  Aiiiiale«  de  Chimie,  yoI.  \xtxu  p.  113. 
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aqueous  liquid.     They  conceived  that  chyle  contains  a  cheesy 
matter,  which  they  considered  as  more  earthy  than  the  other 
constituents,  and  by  the  precipitation  of  which  they  accounted, 
for  the  calculous  concretions  found  in  the  reservoir  of  the  chyle 
by  Schars^  in  the  thoracic  duct  by  Ledran,  and  in  the  vessels  b/ 
Goelik.     Mart,  Musgrave^  and  Lister^  announced  that  indigo, 
mixed  with  the  food,  and  given  to  animals,  tina^ed  the  chyle  of 
ii  blue  colour ;  and  this  observation  was  conhrmed  by  Bailer, 
Gould,  aad  Fdelix.    Mattd  say&  that  he  communicated  ia  red 
ceiovkt  to  chyle  by  giving  beet  to  animals  for  food.     Several* 
observers  speak  of  a  green  colour  in  the  chyle  of  herbivoroufi 
animals*    M.  Halle,  to  whom  we  are  indebted  for  several  inte^ 
resting  esiperintents  on  the  same  subject,  never  observed  in  th^ 
chyle  of  dogs  to  whick  he  had  given  pastry  coloured  blue,  red, 
apd  black,  by  means  of  vegetable  substances,  any  trace  of  these 
oolours*     The  physical  properties  which  we  have  observed  in  the 
cbyle  of  the  horse  are  very  similar  to  those  which  M.  Halle 
observed  in  the  chyle  of  dogs.  Such  are  the  princifial  &ets  which 
^re  to  be  found  in  authors  respecting  chyle.     1  now  pass  to  th«^ 
analysis. 

Chyle,  No.  l.-r-Pht/skal  Slate. 

Thift  portion  of  chyle,  of  a  red  colour,  was  coagulated  when 
brought  to  me.  It  contained  a  small  quantity  of  liquid,  lestf 
coloured  than  the  coagulated  portion,  which  was  itself  of  a  < 
mueh  ligliter  colour  than  blood.  It  was  red,  and  semitransparent, 
like  currant  jelly  badly  boiled  5  yet  iis  consistence  was  pretty* 
firm. 

Chemical  Exatninatian  of  the  Liqvid  Fortio?^  or  the  Serun^  oj 

the  Chyle  No.  1. 

1.  This  liquid  quickly  restored  the  blue  colour  to  litmus,  red- 
dened by  acids;  which  proves  that  it  (rontained  an  uncombined 
»lkaU. 

2.  Heat  and  acids  coagulated  it  into  a 'greyish  wliite  mass. 

3.  Alcohol  likewise  occasions  an  abundant  coagulatic  n   in  it.  . 
Tbecoagulum  is  white,  but  acquires  a  reddish  tint  by  desicca- 
tioDi  :  It  becomes  at  the  same  time  transparent,  and  exhibits  a 
vitreous  fracture.     When  thus  dried  it  decrepitates,  and  melts  on 

red-hot  coals,  exlialinii:  an  emrvreunrntic  amnioniacal  odour. 

*■  • 

This  coagnlum  dissolves  m  caustic  potash  ;  but  the  liquor 
remains  milky,  *nd  toes  not  become  transparent,  as  happens 
to  a  solution  of  the  albumen  of  blood  in  the  same  circumstances. 
The  alkaline  solution  is  precipitated  by  acids,  and  at  the  safri^ 
time  there  exhales  from  ^he  mixture  an  odour  of  sulphur,  which 
^  some  analogy  to  the  smell  perceptible  in  stables. 
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Chyls^  No.  2. — Physical  Slate, 

T\ns  portion  of  chyie  was  white  and  opake,  like  miifc.  •  Ir 
contained  a  coagulum  equally  white  and  opake. 

Aftur  having:  separated  the  liquid  portion  from  the  coagQlum, 
I  washed  the  latter,  and  set  it  aside.  The  reader  will  fiad  alt 
account  of  its  properties  hereafter.  ^ 

Tlie  Liquid  Portion. 

Tliis  portion,  drawn  from  the  sublumbar  branches,  presented 
the  »ame  properties  as  the  liquid  from  the  red  portion  of  ckyle, 
excepting  as  to  colour.  It  was  coagulated  by  heat,  by  acids, >tiy 
alcohol;  the  precipitates  yvere  redissolved  by  the  alkalij^  and  ti^ 
solution  renuiincd  milky,  like  the  solution  of  the  precipititfa 
from  the  coloured  portion  of  the  same  chyle. 

The  portion  of  white  chyle  treated  with  boiling  alcohol  was 
entirely  coagulated,  as  I  have  nientioDed  above ;  but  the  alcoluil 
retains  in  solution  a  small  quantity  of  matter,  a  part  of  whiefeit 
depositcs,  on  cooling,  in  the  form  of  flocks ;  but  a  portion,  re- 
Biains  in  solution,  as  is  shoun  by  tlic  addition  of  watei^  wbieh 
renders  the  alcohol  milky. 

1'hough  1  have  been  able  to  procure  only  a  quantity  of  this 
matter  insufficient  to  ascertain  its  nature  exactly,  yet  I  think 
■lyself  entitled  to  conclude  that  it  is  a  species  of  fat,  the  insolu- 
bility of  which  in  the  alkalies  shows  it  to  be  analogous  to  what  I 
found  in  the  matter  of  the  brain. 

It  is.  without  doubt,  this  fatty  matter  which,  by  its  presence, 
prevents  the  albumen,  in  separating  from  the. coagulum,  from* 
becoming  transparent,  like  that  of  blood.  It  likewise  occasions 
the  albumt^n  precipitated  by  alcohol  to  remain  opake  after  desic- 
cation. It  dissolves  in  boiling  alcohol,  and  is  deposited  as  the 
alcohol  cools,  and  it  gives  the  alcohol  the  property  of  becoming 
milky  when  mixed  with  water. 

As  to  the  matter  coagulable  by  heat,  acids,  alcohol,  &fi.  there 
can  be  no  doubt,  I  think,  that  it  is  albumen.  It  forms  the 
greatest  part  of  the  chyle. 

.  Thus  the  liquid  parts  of  the  two  portions  of  chyle,  Nos.  1  and 
2,  are  of  the  same  nature,  if  w«  except  the  red  colour,  which 
does  not  exist  in  the  chyle  of  the  sublumbar  branches,  though 
thLt  chyle  contains  the  materials  proper  to  produce  it. 

ExaminatiGn  of  the  Coagulum  formed  spontaneously  in  the  co^ 

loured  Portion  of  Chyle^  No.  I. 

To  obtain  the  substance  which  had  produced  the  spontaneoua 
coagulation  of  that  portion  of  chyle,  i  washed  the  mass  with 
water,  in  the  same  manner  as  is  done  with  the  coagulum.  of 
blood  when  we  want  to  obtain  the  fibrin. 
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I  obtained  a  white  substance  in  flstkes  and  ribbons,  which  had 
Uttle^ consistence,  were  easily  torn>. and  did  not  exhibit  any  fibres 
in  their  fracture. 

:.:  This  matter  haxrii^  presented,  the  same  properties  as  those  of 
:tfae  coaguhim  of  the  white  portion  of  chyle  No.  2,:  what  1  have 
yaid  of  the  one  will  apply  to  the  other. 

Of  the  Coagulum  foffned  spontcnwously  in  the  White  Portion  of 

Thr$  coamrlum  was  tthite  Arid  op&ke^  like  boiled  white  of  egg.  , 
vWheit  washed  it'  stiretched  under  thd  fingers,  and  assumed  the 
"tem'of 'a  inembratte, 'possessing  a* d^  of  elastici^^ 

>''and  its  tfxture  preseiKtra  an  appeamnce  slightly  fibrous, 
i  This  matter  dig^i^d  in  si  hot  solu^ii  oficat^istic  potash  com- 
^iirariicateii  at  firsta  b)i4ky' aspi^t'W  th«  liqu^  but  a  greasy 
matter  Was' gradually  deposited*,  and  the  liquid  became  ci^ar. 
TUs  solution  had  a  siiiell  similar  foi  that  o#  the  fibrin  of  blood 
dissolved  in  potash.  *  ^When  this  solution  is  decomposed  by  acids, 
k  exhales  a  sulphnr^bud  od6ur,  whidh  is  developed  by  albutnen 
in  similar  circumstances.  /f    ..  . 

' '  l^e  same  matter  subjected  to  the  action  of  acetieacid,  assisted 
hf  heat,  produced  a  liquor  white  like  an  einUl^non:  The  matter 
which  rendered  the  lii^uid  opake  was  gradually  deposited.  It 
appeared  to  me  to  be  of-  the  s6me  nature  as  the  fatty  matter  which 
I  noticed  in  the  liquid  part  of  the  chylie. 

The  matter  of  the  <*iagtilum,'  When  dried,  and  exposed  to 
beat  on  burning  coals,  curls  up,  and  exhales  ammoniaco-oily 
fames.    At  last  it' melts,  and  leaves  a  bulky  coal  behind. 

Fromi  the  properties  whi(rh  have  been  enumerated,  it  is  obvious 
that  the  coagulum  of  chyle  has  a  striking  analogy  with  the  fibrin 
of  blood:  but  r must  acknowledge  that  the  reisemblance  is  not 
perfect ;  there  are  some  differences,  both  in  the  physical  and 
eheoni^l  characters  of  these  two  substances.  The  coagulum  of 
chyle  hlis  not  that  fibrous  texture,  nor  the  strength  and  elasticity 
which  belong  to  the  fibrin  of  blood.  It  is  dissolved  more  readily 
and  completely  by  caustic  potash,  and  does  not,  like  fibrin, 
leave  a  portion  insoluble  in  that  alkali.  It  seems  to  be  albumen 
which  m%  begun  to  assume  the  characters  of  fibrin,  and  has  been 
arrested  in  its  passage :  for  it  unites  several  properties  common 
to  the  two  substances,  If  this  account  be  correct,  we  may  con- 
clude that  the  food  taken  by  aaim^ls  is  converted  in  the  first 
place  into  albumen,  and  afterwards  into  fibrin.     The  increasing 

E"  jrpportibn  of  fibrin  in  the  chyle  as  it  approaches  the  place  where 
:  iiVix(^  with  the  blood  is  favourable  to  this  hypothesis.     Be  (his 
'  as'it  may,  the  rapid  change  which  vegetables  experience  in  the 
organs  of  digestion  of  animals,  and  their  total  conversion  into 
animal  substances,  are  truly  astonishing.    Some  hours  are  sufii-* 
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etent  to  make  the  characters  and  nature  of  vegetable  substances 
disappear  entirely.  The  powers  which  preside  over  digestioti 
must  be  very  active  and  very  powerfuL  i 

From  this  first  analysis,  it  follows,  that  the  chyle  of  (he  horse 
IS  composed : 

1.  Of  albumen,  which,  constitutes  the  greatest  part  of  it. 

2.  Of  fibrin,  or  at  least  of  a  substance  which  resembles  it  in 
several  respects.  ' 

3.  Of  a  fatty  substance,  which  gives  to  chyle  the  appearance 
of  milk* 

4.  Of  different  salts,  such  as  potash,  muriate  of  potash,  uaH 
white  phosphate  of  iron ;  that  is,  phosphate  at  a  minimum  of 
oxidation. 

I  ought  not  to  negkct  to  mention  here  that  M.  Emmert  was  ' 
occupied  before  me  with  analysing  cliyle.  An  eitract  of  Mi 
work,  by  M.  Friedlander,  is  printed  in'  the  Amudes  de  Ckinii$ 
for  Cictober,  1811 ;  but  as  there  is  some  dififerenoe  between  tkfc' 
results  which  we  obtained^  I  thought  it  right  to  publish  my  ej^ 
periments. 

After  having  written  thus  far,  I  received  from  M.  Vcrrier  a 
new  quantity  of  chyle,  the  analysis  of  which  furnished  nearly 
the  same  results.  However,  as  this  last  portion  was  not  cokmred 
like  the  preceding,  it  presented  some  pfaenotnena  which  wers 
not  perceived  before,  and  which  I  shall  relate  in  a  few  words. 

Chyle  frxnn  the  Suhlwrnhar  Branches* 

It  was  white,  like  milk.  The  bulky  coagulum  which  Jt  con- 
tained was  red  in  some  parts.  Water  deprived  the  coagulum  of 
the  greatest  portfon  of  this  colour.  Then  it  resembled  fibrin^ 
but  had  much  less  tenacity. 

The  white  Ikjuid  which  surrounded  this  coagulum  being  left  at 
rest  for  18  hours  was  found  partly  covered  with  drops  of  a 
yellowi^  oH.  The  same  liquid  treated  with  a  considerable 
portion  of  boiling  alcohol  let  fall  a  great  quantity  of  albumen^ 
I1ie  alcohol  assumed  a  yellowish  green  colour,  and  deposited,  on 
cooling,  a  white  wly  concrete  matter;  and  yielded,  wne»  evapo^ 
fated,  an  additional  portion  of  yellowish  oil.  These  phenomemi 
confirm  me  more  and  more  in  the  opinion  stated  above,  that  thus 
oil  of  chvle  is  of  the  same  nature  as  that  which  exists  in  the 
brain. 

The  chyle  deprived  of  the  fatty  matter  by  repeated  digestion* 
in  boiling  alcohol  becomes  transparent  by  drying,  as  happens  td 
the  brain. 

A  portion  of  this  cliylc  coagulated  by  heat,  and  then  incine- 
rated, furnished  carbonate  of  potash,  muriate  and  sulphate  of 
potash,  iron,  and  phosphaie  of  lime. 

Among  the  last  portions  of  chyk  sent  me  by  M.  Vcrrier  tbe># 
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was  one  from  a  horse  afflicted  with  the  glanders,  whieh^  though 
taken  from  the  thoracic  duct,  was  colourless,  and  contained,  only 
a  small  quantity  of  fibrous  matter.  This  was,  no  doubt^  the 
reason  why  it  did  not  coagulate  spontaneously,  arid  why  it  only 
ohowed  very  small  traces  of  that  substance  by  ai^.alysis.  It  was 
also  much  less  charged  with  albumen,  as  was  obvious  ffom  its 
^eater  fluidity,  and  from  its  not  coagulating  when  heated.  It 
contained^  however,  a  notable  proportion  of  fatty  matter. 

This  difference  seems  to  announce  an  exception  to  the  general 
^principle  which  I  pointed  out  above ;  namely,  that  the  propor^ 
tioQ  of  fibrous  matter  increases  as  the  chyb  approaches  more  and 
more  to  the  place  where  it  mixes  with  the  blood ;  but  this  differ-* 
toc'e  may  depend  upon  the  nature  of  the  aliments,  or  perhaps 
upon  the  diseased  state  of  the  digestive  organs  of  the  animal. 

I  shall  finish  this  papeV  by  remarking^  that  if  the  bile,  the 
gastric  juice,  &c,  contribute  to  the  formation  of  chyle,  as  phy^ 
siologists  think^  these  substances  must  undergo  a  complete  de- 
composition, since  not  the  slightest  traces  of  them  can  be  per- 
ceivied  in  the  animal  fluid  vwhich  constitute^  the  subject  of  thb 
paper.  • 

I  shall  ohserve,'  likewise,  that  the  comparison  which  some 
persons  have  established  between  chyle  and  milk,  in  consequence 
of  the  external  appearance  of  the  two  fluids,  has  no  real  founda- 
tion ;  for  chyle  contains  nothing  which  agrees  exactly  with  the 
constituents  of  milk. 
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Article  X. 

^sironomical,  and  Magnetical  Observations  at  Hackney  IVkfu 

By  Col.  Beaufoy. 

jistronomical  Ohervations,  August  11,  1813. 

Bc^ioniog  of  the  Lunar  Eclipse   13    41'  41"    Apparent  Time. 
ETSrl  of  »  +  A,»«ri«    j{}    %    ^„?  }Mea«  Time. 

^  These  observations  were  made  under  very  favourable  circum- 
stances ;  and  as  no  diminution  of  the  star's  light  took  place,  the 
Opinion  of  some  of  the  French  astronomers  that  the  moon  is 
^unrounded  with  an  atmosphere,  seems  extremely  improbable  j 

^r  fit  least,  admitting  it  is  so,  the  air  must  be  exceedingly  atte- 
'  tiuate.    The  thinness  of  the  moon's  atmosphere  (if  thtfre  be  any) 

js  further  corroborated  by  the  great  sharpness  of  the  lunar  horna 

in  solar  eclipses. 

Vqu  II.  N^  III.  P 
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Magnetical  Observations. 

Latitade  51*  32'  40"  North.     Longitude  West  ia  Time  C^iV?^ 

1813. 


( 

1 

Morning  Observ. 

Noon  Observ. 

Eyening  ObserT.  . 

Month. 

Hour. 

Variation. 

Hour. 

Variation. 

Hour. 

Variation. 

Jvly    19 

8i»  45' 

24°   11' 

37" 

l^  48' 

24» 

24'    32" 

T>»  22' 

24«   17'   51" 

Ditto  20 

8    38 

24     15 

20 

1     55 

24 

21     40 

7     10 

24    18    36 

Ditto  2l 

8    50 

24     14 

25 

2    02 

24 

23     22 

7     02 

24    17    40 

Ditto  22 

8    12 

24     15 

00 

-^    ..^ 

-^ 

_    — ~ 

7     10 

24    19    09 

Ditto  23 

8    40 

24     16 

14 

-^    ..- 

.^ 

~.    _ 

..^    ...   • 

Ditto  25 

8    48 

24     15 

50 

2    10 

24 

23    05 

—    _ 

.»    ...    _   . 

Ditto  27 

8    40 

24    14 

20 

1     58 

24 

22    45 

7    22 

24    16    16 

Ditto  28 

8    45 

24     16 

10 

— .         m.m. 

.— 

^.    _ 

._    .— . 

„__       -    1 

Ditto  29 

8    50 

24     15 

00 

1     52 

24 

24     13 

6    52 

24    13    38 

Ditto  30 

8    55 

24    14 

46 

1     55 

24 

24    43 

7    07 

24    18    35 

Ditto  31 

8    45 

24    16 

40 

1     53 

24 

24    26 

7    25 

24    16    38 

Mean  of       C  Morning 

Observations     <Noon 
in  July.        (Evening 
C  Morning 

Ditto  in  June.  <Noon 

C  Evening 
r  Morning 

Ditto  in  May.    -^Noon 

(  Evening 
TMorriiug 

Ditto  in  April   <Noon 

(  Evening 


at 

8»» 

37'. . . 

..  Variation  24'' 

14' 

32" 

at 

1 

7 

50.., 

I/O  .  .  < 

..  Ditto          24 
. ..  Ditto          24 

23 

?^a/6r 

at 

i»r" 

"00  K*^-T^ 

at 

8 

30.., 

. ..  Ditto          24 

12 

55 

at 

1 

33  . . « 

..  Ditto          24 

22 

1% 

at 

7 

04... 

..  Ditto          24 

16 

04 

at 

8 

28... 

..  Ditto          24 

18 

08 

at 

1 

37... 

..  Ditto          24 

20 

64 

at 

6 

14... 

..  Ditto          24 

13 

4T 

at 

8 

31... 

..  Ditto          24 

00 

18 

at 

0 

69... 

..  Ditto          24 

81 

18      - 

at 

5 

46... 

..  Ditto          84 

16 

25 

Magnetical  ^Observations  continued. 


Month. 


Aug. 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
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,  Morning  Observ. 


Hour. 


8'* 

9 

8 

8 
9 

8 
8 
9 

7 
8 
8 
8 
8 
8 
8 
8 
,8 
'8 


40' 

47 

10 

40 

00 

02 

37 

05 

50 

55 


Variation. 
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24» 

24 

24 

24 

24 

24 

24 

24 

24 

24 


45 


45 
45 
30 
35 


24 
24 
24 
24 
24 
24 


30  <24 


27' 

16 

16 

14 

IS 

16 

16 

15 

14 

18 

17 

15 

16 

IT 

16 

U 

14 

1^ 


12" 

33 

36 

02 

32 

31 

04 

47 

39 

20 

36 

34 

44 

55 

26 

S2 

15 

26 


Noon  Observ. 


Hour. 


Ik  60' 

1  60 

1  55 

1  57 


1     53 


2  15 

2  00 

2  10 

1  65 


2    02 


1     55 


Variation. 

24*  24'    16" 

24  22  57 
24  28  21 
24    23    25 


24    22    30 


34  23  30 

24  23  34 

24  21  48 

24  24  17 


24    24    25 


24    23    46 


Evening  Observ. 


Hour. 


Ti»  15' 
T  85 
T  40 
T  45 
7  35 


24»  16'  40" 

24  16  06 

84  18  18 

24  16  46 

24  16  18 


t  20 
T  3T 


7 
7 
7 
7 
6 
T 


20 
07 
16 

35 
$0 
18 


Variation^ 


i^ 


84  16  54 

24  16  66 


24  14  46 
84  17  10  1 
84  14  a5 


6  50 

7  00 


24 
24 
24 
24 
24 


mm^ 


mm0i 


16  87 

16  04 

16  07 

16  88 

13  87 
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August  1 . — The  variation  is  very  remarkable.  The  morning 
variation  of  both  needles  gaVe  within  18  seconds.  The  noon 
variation  was  less  than  either  moiliing  or  evening.  The  weather 
was  calm,  no  thunder,  nor  any  apparent  cause  for  so  singular  a 
circqmstance.  At  noon  it  was  very  gloomy,  with  the  appearance 
of  a  blight.     Greatest  height  of  the  thermometer,  68. 

'     Rain  J  S^|^^^°  "°«°  «J  il"*^  \'\  i»^y  I  2-176  inchef. 
2  Between  noon  of  the  1st  Aug.  J  *•  *•"  '"vu^^. 

Errata  in  thb  last  'Number,  Article  XII, 

'  Line  18,  read  b  =  25*07. 
'  Line  18,  read  d  -   25-67. 

:  Page  1S9,  line  3,  for  ls(,  2d,  3d,  and  4th,  reftd  Ist,  2d,  4tb,  and  5(b*     . 
Page  139,  line  12,  for  Ist,  2d,  3d,  and  4th  wires,  read  1st,  2d,  4th,  and  5^1 
wires :  and,  for  Arion*s  belt,  read  Orion's  belt. 


Article  XL 

Analysiss  of  Books, 


Philosophical  Tramact ions  for  181S.  Part  I.]  This  part 
contains  the  following  papers ;  of  all  of  which  som^  account  has 
been  given  in  the  first  volume  of  the  Annals  of  Philosophy ;  but 
we  consider  it  as  necessary  to  give  an  analysis  of  them  here,  in 
order  to  correct  the  mistakes^  and  supply  the  deficiencies^  of  oui^ 
former  accounts. 

I.  On  a  new  deUmating  Compound.     By  Sir  Humphry  Davjt, 
LL.D.  F.R.S.]     This  is  the  substance  of  which  an  analysis  by 
Sir  H.  Davy  is  given  in  our  seventh  number  under  the  name  of 
azoiane.    We  now  know  that  the  original  discoverer  of  it  was  h 
M.  Dulong,  and  that  he  obtained  it  by  passing  a  mixture  of 
chlorine  and  azotic  gas  through  a  solution  of  sal  ammoniac.  He 
has  lately  published  a  paper  on  the  subject  in  the  Annales  de 
Chimie ;  but  it  contains  nothing  that  we  did  not  know  beforcf. 
Azotane  has  the  colour  and  fluidity  of  olive  oil ;    its  specific 
gravity  is  above  1*6,    It  detonates  with  a  bright  light  whea 
.  heated  in  water,  and  when  brought  in  contact  of  oil  or  phos- 
phorus :  it  acts  slowly  on  ether  and  alcohol :  with  mercury  it 
forms  corrosive  sublimate :  on  tin  and  zinc  it  has  no  actioA : 
neither  does  it  act  on  sulphur  or  resin :  it  explodes  in  alcohol 
and  ether,  having  phosphorus  in  solution :  in  muriatic  acid  it 
pves  off  gas  rapidly,  but  does  not  explode:   it  has  but  little 
action  on  sulphuric  acid.     Sir  H.  Davy  conceives  it  probable, 
from  the  properties  and  formation  of  this' substance,  that  it  is  a 
comDound  of  chlorine  and  azote;  an  opinion  which  he  has  since 
verified  by  tt  direct  analysis. 
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II.  On  a  remofkalle  Application  of  Cotes's  Theorem*  By  !• 
F.  W.  Herschell,  Esq.]  This  paper,  being  entirely  algebraica}, 
and  not  susceptible  of  abridgement,  could  scarcely  be  mdde 
intelligible  to  (he  reader  without  transcribiuj^  the  whole  of  it. 
On  that  account  I  nr)ust  refer  those  who  are  cqrious  to  know  the 
application  of  Mr.  Herschell  to  the  paper  itself.  I  may  only 
observe,  that  the  conclusions  of  the  ingenious  author  apply  • 
rather  to  the  algebraic  expressions  than  to  the  conic  sections 
themselves. 

III.  Observation  of  the  Slimmer  Solstice  1812,  at  the  Royal 
Observaton/.  By  J(An  Pond,  Esq.  Astronomer  Royal,  F.R.S.] 
From  this  observation,  made  with  the  new  mural  circle,  with 
more  accuracy,  Mr.  Pond  informs  us,  than  any  former  iostru- 

'ment  was  susceptible  of,  the  obliquity  of  the  ecliptic  comes  cmt 
23°  27'  62-25'^ 

IV.  Observations  relative  to  the  Near  and  Distant  Sight  of 
different  Persons,     By  James  Ware,  Esq.  F.R.S.]     This  curious 
paper  contains  a  great  many  cases  of  near-sighted  persons,  with 
remarkable  changes  produced  in  the  .sight  by  different  causes. 
These  cases  authorize  the  following  conclusions  : — 

1.  Near-sightedness  is  rarely  observed  in  infants,  or  even  in 
children  under  ten  years  of  age..  It  affects  the  higher  classes  of 
society  more  than  the  lower :  and  the  instances  are  few,  if  any, 
|p  which,  if  the  use  of  concave  glasses^  has  been  adopted,  in- 
creasing years  have  either  removed  or  lessened  this  imperfection. 

2.  Though  the  usual  effect  of  time  en  perfect  ^'cs  be  that  of 
inducing  a  necessity  to  make  use  of  convex  glasses,  in  order  to 
see  near  objects  distinctly,  yet  sometimes,  even  after  the  age  of 
£fty,  and  after  convex  glasses  have  been  used  many  years  fcMT 
this  purpose,  the  eyes  have  not  only  ceased  to  derive  benefit  from 
them,  when  looking  at  near  objects,  but  they  have  required 
concave  glasses  to  enable  them  to  distinguish  with  precision 
objects  at  a  distance, 

3.  Though  the  cause  of  this  change  be  not  always  known,  yet 
sometimes  it  has  been  induced  by  the  use  of  evacuating  reme- 
dies, particularly  of  leeches  applied  to  the  temples;  and  some- 
times by  looking  througli  a  microscope,  for  a  continued  len^Ii  of 
time,  for  several  successive  days. 

4.  Instances  are  not  uncommon  in  which  persons  far  advanced 
in  life  (viz.  between  eighty  and  ninety),  whose  eyes  have  been 
accustomed  for  a  long  time  to  the  use  of  deeply  convex  glasses, 
when  they  have  read  or  written,  have  ceased  to  derive  benefit 
from  these  glasses,  and  they  have  become  able,  without  any 
assistance,  to  see  both  near  and  distant  objects  almost  as  well  as 
when  they  were  young.  Although  it  be  not  easy  to  ascertain  the 
•0llise  of  this  am^ided  vision,  it  seems  not  improbable  that  it  is 
pc^asioficd  by  an  absorptioci  of  part  q{  the  vitreous  humour ;  m 
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consequence  of  which  the  sides  of  the  eye  collapse,  aiid  its  axis 
from  the  cornea  to  the  retina  is  lengthened }  by  which  alteration 
the  length  of  this  atis  is  brought  into  the  same  proportion  to  the 
flattened  state  of  the  cOrnea,  or  crystalline,  or  both,  which  it 
had  to  these  parts  before  the  alteration  took  place. 

V.  The  Bakerian  Lecture.  On  the  Elementary  Particles  of 
certain  Crystals.  By  William  Hyde  WoUaston,  MJD.  Sec.  R.S.J 
TTie  regular  octahedron  is  well  known  to  crystallographers  to 
constitute  the  primitive  form  of  a  considerable  number  of  mine- 
rals. Now  there  is  a  difficulty  with  respect  to  the  figure  ot  th6 
mtegrant  molecules  of  such  bodies.  The  octahedron  may  be 
divided  into  octahedrons  and  tetrahedrons,  and  the  same  obser- 
vation applies  to  each  of  the  tetrahedrons  thus  obtained  ;  so  that 
two  different  figures  present  themselves.  If  we  make  choice  of 
the  tetrahedron,  we  must  suppose  the  body  full  of  octahedrstl 
^t>aees ;  and  if  we  adopt  the  octahedron,  the  body  must  be  full 
of  tetrahedral  spaces :  and  the  molecules,  whether  octahedral  ot 
ietfahedral,  must  unite  by  their  edges  instead  of  their  faces. 
These  suppositions,  it  must  be  obvious,  are  of  such  a  nature  as 
not  to  be  satisfactory.  Dr.  Wollaston  gets  over  the  difficulty  by 
supposing  the  integrant  molecules  in  such  cases  to  be  spherical: 
and  he  shows  how  spherical  molecules  are  capable  of  forming 
tetrahedrons,  octahedrons,  and  rhomboids.  He  shows,  also,  that 
rhomboids  would  be  the  result  of  the  union  of  dblate  spheroids. 
Oblong  spheroids,  on  the  contrary,  would  form  three  and  six- 
sided  prisms.  He  shows  how  cubes  might  be  the  result  of  the 
union  of  two  sets  of  spherical  particles,  each  ^et  forming  a 
tetrahedron. 

.VI.  Oh  a  SulfStance  from  the  Elm-tree  called  Ulmin.  By 
James  Smithson,  Esq.  F.R.S.]  The  substance  to  which  I  gave 
the  name  of  ulmin  was  examined  by  Klaproth  about  a  dozen  of 
ycSars  agd,  and  the  account  of  its  properties  which  I  gave  in  my 
System  of  Chemistry  was  taken  without  alteration  from  Klap- 
toth's  paper.  More  than  two  years  ago,  however,  I  had  satisfied 
.iuysdf,  by  the  examination  of  some  ulmin  from  Plymouth,  th^t 
Klaptoth's  account  was  in  several  respects  inaccurate,  and  that  it 
had  beeti  the  result  of  a  very  hasty  and  imperfect  examination  of 
the  substance  in  question.  My  experiments  were  published  in 
Jthe  first  number  of  the  Annals  of  PItiloiophy,  Mr.  Smithson's 
.experiments,  having  been  made  upon  a  portion  of  the  same 
Palermo  ulmin  which  Klaproth  examined,  remove  every  doujbt 
respecting  the  properties  of  this  peculiar  substance.  Palermo 
ulmin,  in  lumps,  appears  black;  but  in  thin  pieces  it  is  trans- 
parent, and  of  a  deep  red  colour.  It  dissolves  readily  in  water; 
the  dilute  solution  is  yellow,  the  concentrated,  the  colour  of 
blood.  This  solution  appeare  to  be  a  combination  of  potash  with 
a  peculiar  substance,  to  which  the  name  (^  uloiin  may  je  given 


6tO  Analyses  of  Books.  (Sarir« 

The  ulmin  is  precipitated  by  nitric,  sulphuric,  muriatic,  phos* 
phoric,  oxalic,  tartaric,  and  citric  acids:  but  not  by  diittilledl 
vinegar.  Ulmin  thus  precipitated  is  glossy,  and  has  a  re^noui 
appearance.  Its  colour  is  unaltered.  It  burns  with  fkme,  and 
is  reduced  to  white  ashes.  Alcohol  and  water  dissolve  it,  but 
only  in  very  small  quantity.  Potash  promotes  its  solution  in 
Water;  but  neither  ammonia  nor  carbonate  of  soda  produce  this 
0iFect.  English  ulmin  examined  by  Mr.  Smithson  exhibited 
similar  properties ;  but  the  quantity  was  too  small  to  enable  him 
to  ascertain  all  the  properties  which  I  detailed  in  my  paper. 

VII.  On  a  Method  of  Freezing  at  a  Distance,  oy  William 
Hyde  Wollaston,  M.D.  Sec.  R.S.]  It  is  well  known  that  the 
temperature  of  liquids  is  cooled  by  evaporation ;  but  in  clos^ 
vessels  evaporation  is  limited  by  the  great  bulk  into  which  the 
vapour  expands.  Dr.  Wollaston  in  this  paper  describes  an 
ingenious  contrivance  of  his,  to  which  he  has  given  the  name  ^f 
cryophorus,  by  means  of  which  water  may  he  frozen  in  close 
vessels  by  its  evaporation  with  great  facility.  This  instrument  is 
$i  glass  tube  of  this  shape — 


Its  internal  diameter  is  about  i-th  of  an  inch,  each  extremity  is 
blown  into  a  ball,  and  the  tube  is  bent  at  right  angles  about  half 
an  inch  fr;om  each  ball.  One  of  the  balls  is  filled  not  quite  half 
full  of  wat^r.  This  liquid  is  boiled  for  some  time  to  expel  the 
air,  and  the  capillary  tube  at  the  extremity  of  the  other  ball  is 
then  sealed  hermetically.  If  the  empty  ball  of  this  instrument 
is  plunged  into  a  mixture  of  snow  and  salt,  the  vapour  within  it 
is  condensed  so  fast  that  the  water  in  the  other  ball  freezes. 

yilL  A  Catalogue  of  North  Polar  Distances  of  some  of  th^ 
principal  Fixed  Stars,  By  John  Pond,  Esq.  Astronomer  Koyal, 
F.R.S.]  Thjs  catalogue  contains  44  stars,  the  distances  of  all 
of  which  are  deteripiiied  within  rather  less  than  a  secojpd  of 
absolute  precision. 

IX.  4  Description  of  the  Solvent  Glands  and  Gizxctrds  of  the 
A^dea  jirgala^  the  Casnarius  EmUy  and  the  Long-legged  Casso^ 
tpary^  from  New  South  fFales.  By  Sir  Everard  flome,  Bart. 
F.R.5.]  The  ardea  argala,  a  native  of  Bengal,  feeding  on 
qarrion,  aqd  very  voracious,  has  its  solvent  glands  disposed  in 
two  circular  masses,  one  on  the  anterior,  the  other  on  the  poste- 
rior side  of  the  cardiac  c^ivity.    Each  gland  is  made  up  of  five  or 
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sSx  cells,  and  these  open  into  one  common  excretoiy  duct.  In  the 
casuarius  emu  the  solvent  glands  are  oval  bags  ^th  of  an  inch  long 
and  ^th  of^n  inch  wide.  They  occupy  the  whole  surface  of  the 
cardiac  cavity,  which  is  very  large.  The  gizzard  is  situated  out 
ef  the  direction  of  the  cardiac  cavity,  so  that  the  food  ean  pass 
into  the  duodenum  without  entering  the  gizzard.  The  structure 
of  these  organs  in  the  long-^legged  cassowary  of  New  South 
Wales  is  similar.  Sir  Everard  Home  terminates  his  paper  by 
diowing  that  the  length  of  the  intestines  in  birds  increases  with 
the  scarcity  of  their  food. 

In  the  Casuarius  Emu  the  intestines  are  7  feet  long. 

Rhea  Americana .19  feet  1 1  inches. 

'     Struthio  Camel  us 77.  feet    9  inches. 

X.  Additional  >  Remarks  on  the  State  inwhich  Alcohol  exists 
in  Fermented  Liquors.  By  William  Thomas  Brande,  Esq. 
F.R.S.]  To  confirm  his  former  conclusions  respecting  the  great 
quantity  of  alcohol  contained  in  wine,  Mr.  Brande  had  recourse 
to  the  following  process.  He  dropped  into  the  wine  a  solutioa 
of  acetate  of  lead  (Goulard's  extract)  till  the  wl>ole  colouring 
matter  was  precipitated.  The  wine  thus  freed  from  colouring 
matter  was  mixed  with  dry  subcarbonate  of  potash,  and  set  aside. 
Alcohol  soon  separated,  and  floated  on  the  surface  of  the  liquid. 
The  quaf^ity  of  alcohol  thus  obtained  agreed  with  his  former 
experiments  nearly.  He  found  that  when  Port  wine  was  partly 
distilled,  the  portion  in  the  receiver  being  mixed  with  that  in  the 
alembic,  the  wine  was  restored  tp  its  original  taste  and  specific 
gravity.  Mr.  Brande  now  states  tlie  quantity  of  alcohol  of  0*825 
in  1€0  measures  of  Port  wine  at  22  measures. 

XI.  On  a  new  Variety  in  the  Breeds  of  Sheep.  By  Colpnel 
David  Humpries,  F.R.S.]  Seth  Wight,  who  possessed  a  small 
farm  on  the  Charles  River,  about  16  miles  from  Boston,  had  a 
small  flock,  consisting  of  15  ewes  and  one  ram.  One  of  these 
t\yts  in  1791  produced  a  singular  shaped  Iamb.  He  was  advised 
to  kill  his  former  ram,  and  keep  this  new  one  in  place  of  it :  the 
consequence  was,  the  formation  of  a  new  breed  of  sheep,  which 
gradually  spread  over  a  considerable  part  of  New  England  :  but 
the  introduction  of  the  merinos  has  nearly  destroyed  them  again. 
This  new  variety  was  called  the  otter  or  ankon  breed.     They  are 

•  remarkable  for  the  shortness  of  their  legs,  and  the  crookedness  of 
their  fore  legs,   like  an  elbow.     They  are  much  feebler,  and 

-  niuch  smaller,  than  the  common  sheep,  and  less  able  to  break 
over  low  fences.  This  was  the  reason  of  their  being  continued 
and  propagated. 

XII.  Experiments  to  ascertain  the  coagulating  Vower  of  the 
Secretion  of  the  Gastric  Glands.  By  Sir  Everard  Home,  Bart. 
F.R.S.]  The  method  of  making  these  experiments  was  to  bring 
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the  difTereot  substanceji  examined  in  contact  with  millr^  and 
observe  whether  they  coagulated  that  liquid.  The  results  were  ag 
follows : — 

The  mucus  of  the  fourth  cavity  of  a  calPsr  stomach  coagulated 
tnilk,  buttiot  the  mucu^  of  the  firsts  second,  and  third  cavity^ 
After  a  calf  has  left  off  sucking,  the  inner  member  of  the  fourti| 
cavity  of  the  stomach  still  coagulates  milk.  Only  that  part  of  a 
bog's  stomach  ne^r  the  pylorus,  where  the  gastric  glands  are 
situated,  coagulates  miik>  The  crop  and  gizzard  of  a  cock 
coagulated  milk,  the  latter  more  speedily  than  the  former,  llic 
contents  of  a  shark's  stomadi,  and  the  stomach  itself,  coagulated 
milk  immediately.  Rennet  from  the  stomach  of  the  salmon  and 
thornback  coagulated  milk.  From  other  experiments.  Sir  Eve- 
rard  Home  concluded,  that  the  secretion  of  the  gastric  gland) 
possesses  the  power  of  coagulating  milk,  and  that  it  gives  that 
power  to  all  the  parts  by  which  it  is  imbibed,  whether  composed, 
of  living  parts  or  not. 

XUI.  On  some  Properties  of  Light.  By  David  Brewtter^ 
LL.D.  F.R.S.  Edin.]  These  properties  are  divided  into  fa^ 
sets  :  1 .  On  a  new  i^roperty  of  Befracted  Light.  Thin  plates  * 
of  agate,  calcedony,  and  carnelian,  gave  a  distant  image  of  b^j 
luminous  object ;  but  on  each  side  of  this  image  was  one  highly 
^coloured,  forming  with  it  an  angle  of  several  degrees,  and  a> 
deeply  affected  with  colour  that  no  prism  of  agate,  with  tlie 
largest  refracting  angle,  could  produce  an  equivalent  dispersion. 
The  light  which  constituted  ajl  these  images  was  polarized^.  The 
effect  of  two  plates  of  agate  is  similar  to  what  was  observed  by 
Biot.  There  is  a  faint  nebulous  light,  unoonnected  with  thd 
image,  but  always  accompanying  it.  This  Pr.  Brewster  conjecr 
tures  may  be  owing  to  an  imperfect  double  refractive  power  ip 
Jthe  ag'ate.  2  On  the  double  refractive  Power  of  Chromaie.&^ 
Lead.  The  refractive  power  of  this  substance  is  thriqe  as  great 
as  that  of  Iceland  spar.  3-.  On  Substances  with  a  higher  refract 
live  Power  than  the  Diamond.  The  following  is  the  refractive 
and  dispersive  power  of  different  substances,  according  to  Ih'y 
Brewster:-^ 

Refractive  Powers. 

jChromate  of  lead,  greatest  refraction  .  .2'926^ 

Ditto,  least  refraction 2*479 

Jlealgar 2*510 

Diamond,  according  to  Newton 2*430 

!Phosphorus  ....  i. , 2*224 

Sulphur,  native 2*1 15 

jCryolite 1*344 

Jce , 1  '307 


t 


Ifilit      Pfnhsopkical  7)^aniadti(mjir  ISI$,  Part  J.       '  XH 

Dispersive  Powers. 

Chromiate  of  lead,  greatest 0*400 

Ditto,  least  refraction .0'262 

HeaJgar t 0-255 

Oil  of  cassia \ 0*139 

Sulphur ; 0*130 

phosphorus .0*128 

Flint  glass  (highest)    ...» .0-052 

Diamond,..^ ..0*038 

Water 0*035 

Fluor  spar 0*022 

Cryolite ^ . . ,  .0*022 

'4.  On  the  Existence  of  two  dispersive  Powers  in  all  dtmllf 

'refracting  Crystals,  When  substances  refract  doubly,  one  image 

k  always  nfiore  coloured  than  the  other.   Hence  it  is  obvious  that 

such  substances  possess  a  doubly  dispersive  power.  The  following 

lable  exhibits  the  double  dispersion^  of  various  bodies  :-^ 

Chromate  of  lead,  greatest   0*400 

Ditto,  least 0*262 

^  .    Carbonate  of  lead,  greatest   , 0*091 

Ditto,  least :..........  .0*066 

Carbonate  of  strontian,  greatest   . . .  .0*046 

Ditto,  least 0*027 

Calcareous  spar,  greatest   0*040 

Ditt^  least 0026 

■'  XrV.  An  Appendix  to  Mr,  Ware^s  Paper  on  Vision.    By  Sfr 

Charles  Blagden,  F-R-S.]     Sir  Charles  states  his  concurrence  ill 

bpinion  with  Mr.  Ware,  that  near-sightedness  comes  on  at  ah 

early  age,  and  that  it  is  ialmost  confined  to  the  higher  ranks.  *He 

conceives  it  to  be  owing  to  the  habit  acquired  by  such  young 

people  of  confining  their  attention  to  near  objects.     He  describe* 

his  own  case  as  an  illustration.     At  the  age  of  four,  when  he 

learned  to  read,    he  was  not  near-sighted ;   but  being  much 

addicted  to  reading,  he  became  slightly  so  at  eight.     He  wa» 

dissuaded  from  using  a  glass,  and  struggled  on  with  a  certain 

degree  of  near-sightedness  till  the  age  of  thirty.     He  then  used 

the  glass  called  No.  2,  which  in  a  few  years  he  laid  aside  for  No. 

3,  then  for  No.  5,  which  he  still  employs. 

XV.  A  Method  of  drawing  extremely  five  Wires.  By  Wil- 
liam Hyde  Wollaston,  M.D.  Sec.  R.S.]  The  method  employed 
by  this  ingenious  philosopher  was  to  take  a  small  platinum  wire, 
put  it  into  the;  centre  of  a  mould,  and  fill  the  mould  with  fine 
silver.  The;  silver  is  then  to  be  drawn  into  a  wire  as  fine  lA 
thought  requisite.  The  silver  wire  thus  obtained  is  bent  into  the 
form  of  an  U,  making  twq  hooks  at  its  upper  extremities  \  and 
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in  this  position  it  is  dippe^  for  a  few  minutes  into  hot  nitric  acid. 
The  silver  is  melted  offy  except  at  the  extremities,  and  the  pla- 
tinum wire  remains.  Tlie  extreme  hooks,  retaining  their  silver 
and  size,  serve  to  make  the  platinum  wire  visible  and  tangible. 
By  this  process  he  obtained  wires  only  .j-g^-^th  of  an  inch  ia 
diameter. 

XVI.  Description  of  a  single  lens  Micrometer.  By  William 
Hyde  Wollaston,  M.D.  Sec.  R.S.]  This  instrument  possesses 
the  characteristic  simplicity  and  precision  which  mark  all  Dr. 
WoUaston's  inventions.  It  resembles  a  common  telescope  with 
three  sliding  tubes.  Instead  of  the  object-glass  is  placed  a  scale 
of  wires,  each  -^L-th  of  an  inch  in  diameter,  and  easily  counted 
by  means  of  a  regular  variation  in  their  length.  Instead  of  the 
eye-glass  is  a  small  single  lens,  with  a  focus  of  about  fi^th  of  aa 
inch.  A  small  perforation  is  made  by  the  side  of  this  lens  within 
^th  of  an  inch  of  its  centre.  The  substance  to  be  measured  is 
inclosed  between  two  flat  glasses,  which  slide  in  before  the  lens, 
sufficiently  near  to  enable  the  object  to  ht  seen  distinctly.  *.  The 
-wire,  or  other  substance,  to  be  measured,  is  seen  through  the 
lens,  and  the  scale  through  the  perforation,  by  the  naked  eye, 
and  it  is  seen  how  many  divisions  of  the  scale  it  covers.  In  Dr. 
Wollaston's  micrometer  one  division  of  the  scale  corresponds  to 
^^^Iq pth  of  an  inch,  when  it  is  at  the  distance  of  16*6  inches. 
Hence  at  the  distance  of  8*3  inches  it  will  correspond  to  xoW^ 
of  an  inch.  Upon  the  side  of  the  micrometer  are  marked  the 
value  of  one  division,  according  to  the  distance. 

XVII.  Observations  of  the  Winter  Solstice  of  1812,  with  the 
Mural  Circle  of  Greenwich.  By  John  Pond,  Esq.  Astronomer 
Royal,  F.R.S.]  From  the  observations  on  the  summer  solstice^ 
corrected  by  subsequent  observations,  Mr.  Pond  deduced  the 
obliquity  of  the  ecliptic  23°  27'  51 '50^':  from  the  winter  solstice 
he  deduced  it  23°  27'  47-35"^  He  thinks  it  not  unlikely  that 
this  small  discordance  may  be  owing  to  some  slight  error  in 
Bradley's  refractions ;  and  he  is  now  employed  in  endeavouring 
to  ascertain  whether  Bradley's  mean  refraction  does  or  does  not 
require  alteration. 

XVIII.  On  the  Tusks  of  the  NarwaL  By  Sir  Everard  Home, 
Bart.  F.R.S.]  Sir  Everard  had  been  informed  by  Mr.  Scoresby, 
jun.  that  .the  female  narwal  had  no  tusks;  and,  in  consequence 
of  a  scull  which  he  received  from  that  Gentleman,  he  wrote  the 
paper  on  the  subject,  an  account  of  which  appeared  in  a  former 
Number  of  the  Annals  of  Philosophy.  Subsequent  information 
led  him  to  doubt  the  accuracy  of  his  information,  that  the 
female  narwal  has  no  tusks.  Mr.  Brown  having  examined  all 
the  books  on  the  subject  in  Sir  Joseph  Banks's  library,  found  an 
account  of  a  female  narwal  with  two  tusks,  brought  to  H^n)-* 
biurgh^  in  1684,  by  Dick  Peterson^  and  stiU  to  be  seen  there. 
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On  examining  the  narwal  sculls  in  the  Hunterian  Mdfteum  he 
found,  besides  the  tusk  which  had  protruded,  another  milk  tusk^ 
seven  or  eight  inches  long,  and  all  enclosed  in  the  scull.  Tbii 
scull  of  the  female  narwal  exhibited  two  milk  tusks  in  the  samfr 
situation.  .  Thus  it  appears  that  the  narwal^  both  male  and 
female,  has  two  tusks ;  that  one  is  protr-uded  much  earlier  thaa 
the  other,  and  that  the  tUsks  of  the  male  narwal  are  protruded  at 
h  more  early  period  than  those  of  the  feniale. 
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Scientific  intelligence;  and  notices  of  subj8(21^ 

connected  with  science. 

I.  Lectures. 

Medical  School  of  St.  Thomas's  and  Guy*s  Hospitals.-^Tiyt 
winter  course  of  lectures  at  these  adjoining  hospitals  will  com* 
jnence  the  beginning  of  October,  viz. : — 

jit  St.  Thomas's. — Anatomy  and  Operations  of  Surgery ;  ly 
Mr.  Astley  Cooper  and  Mr.  Henry  Cline. — Principles  and  Prac- 
tice of  Surgery  ;  by  Mr.  Astley  Cooper. 

At  Gtty '5. -^Practice  of  Medicine;  by  Dr.  Babington  and  Dr. 
<>urry. — Chemistry ;  by  Dr.  Babington,  Dr.  Marcet,  and  Mr. 
Allen. — ^Experimental  Philosophy ;  by  Mr.  Allen. — ^Theory  of 
Medicine,  and  Materia  Medica ;  by  Dr.  Curry  and  Dr.  Cholme- 
ley. — Midwifery,  and  Diseases  of  Women  and  Children  ;  by 
Dr.  Haighton. — Physiology,  or  Laws  of  the  Animal  Economy; 
by  Dr,  Haighton. — Structure  and  Diseases  of  the  Teeth;  by  Mr. 
Fox. 

N.B.  These  several  Lectures,  with  those  on  Anatomy,  and  on 
the  Principles  and  Practice  of  Surgery,  given  at  the  Theatre  of 
St.  Thomas's  Hospital  adjoining,  are  so  arranged,  that  no  two 
of  them  interfere  in  the  hours  of  attendance  ;  and  the  whole  is 
calculated  to  form  a  Complete  Course  of  Medical  and  Chirur- 
gical  Instruction.  Terms  and  other  particulars  may  be  learnt 
from  Mr.  Stocker,  Apothecary  to  Guy's  Hospital. 

Dr.  Clarke  and  Mr.  Clarke  will  begin  their  Winter  Course  of 
Lectures  on  Midwifery,  and  the  Diseases  of  Women  and  Chil- 
dren, on  Monday,  October  4th.  The  Lectures  are  read  at  the 
house  of  Mr.  Clarke,  No.  10,  Upper  John-street,  Golden- 
square,  from  a  quarter  past  ten  o'clock  till  a  quarter  past  eleven, 
for  the  convenience  of  Students  attending  the  Hospitals. 

Dr.  Roget  will  commence  his  Autumnal  Course  of  Lectures 
on  the  Practice  of  Physic  at  the  Theatre  of  Anatomy>  Great 
\Vmdmill-streetj  on  the  first  Monday  in  October, 
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Mr.  Thomas  Shute  will  commence  his  Winter  Cour^  of 
Lectures  on  Anatomy,  Physiology,  and  the  Principles  of,  and 
Operations  in,  Surgery,  at  the  Anatomical  Theatre,  Bristol,  cm 
the  morning  of  Friday,  October  1st,  at  eight  o'clock. 

Trinity  College,  Dullin. — Lectures  upon  Anatomy,  Physio- 
logy* and  Surgery ;  by  James  Macartney,  M.D.  F.R.S. 
M.R.I.A.  Professor  of  Anatomy  and  Surgery  in  tlje  University, 
and  late  Lecturer  upon  Comparative  Anatomy  and  Physiology  at 
St.  Bartholomew's  Hospital,  London. 

These  Lectures  will  be  divided  into  three  courses : — 1  st.  A 
preliminary  Lecture  of  General  Physiology,  which  will  be  opeh 
to  the  public.  2d.  A  strict  cpurse  of  Anatomy  and  Physiology, 
as  applicable  to  Medical  Science.  3d.  A  course  of  Surgical 
Anatomy  and  Operdtive  Surgery,     '  ■ 

The  Lectures  will  commence  on  the  first  Monday  in  Novem- 
ber, and  terminate  at  the  end  of  the  following  April. 

Demonstrations  will  be  given  daily  in  the  Dissecting  Room  by 
Mr.  Cross,  Member  of  the  Royal  College  of  Surgeons  in  London* 

It  is  intended  to  establish  regular  examinations  in  the  Anato- 
mical Classj  and  to  grant  Certificates  and  Premiums  according 
to  merit. 

n.  Vinegar  from  Wood.        '   ' 

.  It  is  well-known  that  when  wood  is  distilled^  an  acid  liquor  it . 
obtained,  having  a  strong  empyreumatic  taste  and  smell,  ^o 
this  liquor  the  French  chemists  gave  the  name  of  pyrolignons 
acid ;  and  Fourcroy  and  Vauquelin,  having  examinea  it  about 
twelve  years  ago,  determined  that  it  was  not  a  peculiar  acid,  but 
merely  vinegar  impregnated  with  an  empyreumatic  oil.  This 
discovery  was  not  so  nevir  as  the  French  chemists  conceived. 
Glauber,  in  his  Miraculum  Mundiy  describes  a  method  of 
making  charcoal  and  preserving  this  acid  liquid,  .quite  similar  to 
that  now  practised  by  several  of  our  gunpowder  manufacturers, 
who  were  probably  obliged  to  that  old  chemical  writer  for  the 
first  hint  of  that  improvement.  Glauber  expressly  calls  the 
liquor  obtained  by  distilling  wood  vinegar.  (See  Glauber's 
Works,  p.  188,  English  Translation.)  This  opinion  prevailed  , 
universally  among  chemists  till  it  was  rejected  by  the  French 
chemists,  without  any  reason.  The  experiments  of  Fourcroy 
and  Vauquelin,  instead  of  being  a  new  discovery,  merely  cor- 
rected the  mistake  of  their  countrymen,  and  restored  the  old 
and  true  opinion  respecting  the  acid  from  wood,  which  had  for- 
merly been  universally  prevalent. 

III.  Matrix  of  the  Diamond. 

Diamonds  have  hitherto  been  found  only  in  India  and  Brazil. 
They  usually  occur  in  an  alluvial  soil,  from. which  they  are  sepa- 
ntea  by  wasMdg  and  picking.    Hence  mineralogists  have  beeu 


hitherto  ignorant  of  the  true  repository  of  diamonds.  Warner, 
indeed,  conjectured  that  they  occurred  in  the  rocks  of  the  newest 
floetz  trap  wrmation  ;  but  this  conjecture  was  not  supported  by 
any  direct  proof,  Dr»  Benjamin  Heyne,  botanist  and  naturalist 
tp  the  Ea»t  IndiA  Company  at  Madras,  has  lately  brought  over  to 
London  a. piece  of  the  diamond,  bed.  at  Banaganpally,  in  the 
Dekan^  with  a  diamond  actually  imbedded  in  it^  from  which  we 
are  enabled  to  determine  the  nature  of  the  rock  with  tolerable 
accuracy.  As  it  is  perhaps  the  first  specimen  of  the  kind  brought 
to  £urope,  mineralogists  will  doubtless  consider  it  as  of  some 
importance  to  present  them  with  a  description  of  it.  To  the  eye 
it  has  tlje  Appearance  of  a  conglrnneiate ;  but  as  the  grains  are 
commonly  roundish^  and  thp  cement  a  clay,  approaching  to 
wacke  in  its  appearance  arid  nature^  it  seems  rather  entitled  to 
the  name  of  amygdaloid.  The  round  grains  of  which  it  is 
composed  are  chiefly  of  fhalcedony,  of  a  bluish  grey  colour,  and 
approaching  a  little  to  hyalite  in  their  appearance.  They  vary  in 
size,  from  a  pin  head  to  a  hazel  nut.  These  nodules  are  mixed  witln 
angular  fragments  of  jasper,  hornstbne,  and  quartz.  No  frag* 
.ments  of  corundum  were  visible ;  though,  it  is  said,  they  noW 
and  then  occur  in  some  of  the  beds  containing  diamonds* 

From  the  above  description  there  can  be  little  doubt  that  the 
Tock  in  question  is  an  amygdaloid  belonging  to  the  newest  floetz 
trap  formation.  Thoogh  the  nodules  are  not  absolutely  idetitical 
with  those  which  occur  in  the  artiygdaloid  of  this  country,  yet 
they  very  nearly  agree  with  it. 

From  Dr.  Heyn^'s  description,  it  would  appear  that  though 
this  amygldaloidal  rock  is  of  sotne  considerable  thickness,  yet  the 
diamoncls  are  confined  to  a  bed  in  the  centre  of  it,  not  more 
than  a  foot  thick.  This  bed  is  distinguished  from  the  rest  of  the 
roek  by  beiag  harder. 

IV.  Carbonate  of  Iron. 

It  has  been  known  for  some  time  to  mineralogists  that  the 
substance  called  sparry  iron  ore,  nnd  Jlosferriy  is  a  compound  of 
black  oxide  of  iron  and  carbonic  acid,  or  a  carbonate  of  iron ; 
and  Dr.  Wollaston  has  shown  that  it  crystallizes  in  a  form  differ- 
ing a  little  from  that  of  the  primitive  crystal  of  calcareous  spar. 
It  has  lately  been  determined,  by  the  chemical  analysis  of 
DesGOtils,-  and  several  other  chemists,  that  the  species  knowH  by 
the  name  of  clay  iron^stfrne,  and  so  much  employed  in  this 
country  as  ah  iron  ore,  is  in  fact  a  carbonate  of  iron  likewise, 
and  difiers  in  nothing  from  sparry  iron  ore,  except  in  not  beinlg 
crystallized,  and  in  being  mechanically  mixed  with  some  siljf- 
cious  matter  and  some  manganese.  Alumina  is  usually  present 
only  in  a  v^vy  small  proportion,  and  seems  to  he  in  combination 
'with  the  silica ;  though  in  son^e  specimeQs  the  proportion  qt 
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iumida  is  considerable.     The  following  is  the  result  of  an 
nalysb  of  a  specimen  of  clay  iron-stone  from  Colnbrookdale :— « 

Silica 10-6 

Alumina 2*0 

Lime 1*6 

Magnesia •  •  2*4 

Oxide  of  iron  . . . .  • 50*0 

Oxide  of  manganese • 2*6 

Loss  by  calcination 32*0 

101*2 

See  an  essa^  on  this  species  of  ore^  by  Descotilsj  in  the 
jdnnalesde  Chimie^  Ixxxiv.  188. 

V.  Peroxide  of  Lead. 

A  phenomenon  lately  occurred  to  Chevreul  which  deserves  toi 
lie  recorded.  He  was  employed  in  analysing  a  specimen  of 
crystal  glass^  apd  for  that  purpose  fused  it  in  a  platinum  cruciblie 
with  potash.  When  the  process  was  finished,  he  found  in  the 
crucible  an  alloy  of  lead  and  platinum,  ancl  a  quantity  of  per- 
oxide of  leadji  mixed  with  the  other  ingredients  in  the  fused 


VI.  Sulsulphaie  of  Alumina. 

In  Vol.  I.  p.  467,  of  the  Annals  of  Philosophy^  mention  was 
made  of  specimens  of  pure  alumina  found  by  Mr.  Webster 
between  Brighton  and  Beachy  Head.  Specimens  have  been 
since  brought  to  I^ndon  by  Mr.  Tennant,  and  the  substance  has 
been  more  carefully  examined  by  Dr»  Wbllaston  and  Mr.  Smith"* 
son,  and  both  have  found  it  to  be  not  pure  alumina,  but  a  sub* 
sulphate  of  alumina. 


Article  XIII. 

Scientific  Books  in  hand,  or  in  the  Press. 

Dr.  Hodgson  will  publish,  in  October,  a  Treatise  on  the  Diseaset 

of  Arteries  and  Veins,  comprising  the  Pathology  and  Treatment  of 

Aneurisms  and  Wounded  Arteries.     The  Work  will  consist  of  One 

Volume,  8vo^  illustrated  by  a  Series  of  Engravings  in  4to. 

Dr.  Hutton  has  nearly  ready  for  publication  a  Second  Edition  of 

*««  Mathematics  and  Natural  Philosophy,  in  Four^Svo 

^  -*- Plates. 


AaT!CtE    XlV. 
METEOROLOGICAL  JOURNAL. 


The  ob°ervaiioiu  !^  period  of  Iwentj-rnnr 

lUMrt,.  be^iniiiiie  al  'm  linl  colupm.    A  darit 

dengtc),  lint  Un  TcfuU  M       I'lM  ig  obserTntisn. 


Seventh  Month. — 23.  "in  for  above  two: 

liours,  p.  m.  with  distant  tliunder.     24,  A  thuoder  shower  about 
three  p.m.     Rainbow.    35.  Windy :  cloudy ;  rainbow.    Broa^ 
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diverging  shadows  on  a  coloured  twilight,  with  Cirros trains  and 
haze  to  the  S.     26.  Fair,  a.  m.    ^t  noon  began  a  steady  rain, 

*  with  distant  thunder.  In  the  evening  several  distinct  Nimbi ;  in 
particular,  a  well  formed  one  in  tlie  N.  E.  27.  a.  m.  Cumulo* 
sirahis ;  p.  m.  rain,  with  distant  thunder.  In  the  evening  dis- 
tinct Nimbi,  and  a  rainbow:  niuch  colour  in  the  twilight,  with 
broad  shadows  on  it.  28.  Much  dew :  Cumulus ,  with  Cirrus ^ 
At  sunset  a  calm  air,  with  large  pluiuon  Ctni^  highJy  coloured. 

'  29.  A  clear  day :  the  wind  passed  from  S.  to  E.  Twilight 
brilliant,  with  d^w  :  the  new  moon  showed  a  well  defined  disc. 
30.  CumuluSy  with  Cirrus  passing  to  the  inferior  modifications. 
In  the  evening  there  was  the  addition  of  hjize,  with  a  pink  ooldur 
in  the  twilight.  It  lightned  frequently  before  ten  at  night  very 
far  in  the  S.  E.  with  the  wind  S. 

Eighth  Month. — 1.  Rain  at  five  a.  m. :  succeeded  by  a  close 
canopy  of  Cumulostratus.  At  sunset.  Cirrus^  with  Cirrocumuhts : 
twilight  opake,  somewhat  orange  coloured.  2.  Much  the  same 
phenomena  as  yesterday.  3.  Some  drizzling  showers,  with  wiod^ 
a.  m.  Sunset  very  dark,  the  sky  being  full  of  low  broken  Cu- 
muli :  night  windy.  4.  a.  m.  Windy,  with  Cumulus^  which 
p.  m.  inosculated  with  Cirrosiratus  above  it.  5.  Rain  early;  the 
wind  S.  «In  the  evening  (after  several  showers)  clouds  in  various 
modifications,  the  wind  W.  with  lightning  to  the  S.  6.  Much 
wind  at  N.  W.,  with  Cumulus:  a  shower,  p.  m .  8.  Close  Cumu^ 
lostratus  most  of  the  day.t  Rain,  evening.  9.  Wind  brisk  at 
N.N.W.  a.  m.  At  noon  the  upper  clouds  were  perceived  not  to 
move  with  this  wind :  at  evening  it  fell  calm :  there  were  now 
in  the  sky  rose-coloured  Cirri<^  in  stripes  from  S.  E.  to  N.W. 
with  Cirrostratus  and  CumufxfStrdtTls  in  a  lower  region  :  twilight 
orange,  surmounted  with  rose-colour.  11.  A  Stratus  after  sun- 
set, with  Cirrostratus  remaining  above.  Small  scintillant  meteors 
now  appeared,  falling  almost  directly  down,  and  seeming  t6 
originate  very  low  in  the  atmosphere.  13.  Cirrus  and  Cirrocu- 
muliu^  abounded.  There  was  a  slight  shower  about  noon.  14. 
Overcast:  a  little  rain  after  sunset.  16.  The  maximum  of  tem- 
^perature,  for  24  hours  past,  occurred  at  5  a.  m.  17.  Overcast:" 
windy* 

RESULTS. . 

Prevailing  winds,  Westerly.  ' 

Barometer  :  greatest  height .30"l7  inches;    ' . 

Ijcast    29-4fO  inches; 

Mean  of  the  period 29*799  inches. 

Thermometer :  greatest  height 82^ 

Least 47^ 

Mean  of  the  period . . . . 63*88^ 
Evaporation,  3*42  inches.     Rain,  2'61  inches^ 
TaTTBNHAM,  Eighth  Months  25,  l8L3i  h.  HOWARD. 
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Biographical  Account  of  Sir  Isaac  Newton,^ 

%R  ISAAC  NEWTON  was  born  on  Christmas -day,  old  styles 
l642,t  at  Woolsthorpe,  in  the  parish  of  Colsterworth,  in  the 
county  of  Lincoln,  near  three  months  after  the  death  of  his 
fether,  who  was  descended  from  the  eldest  branch  of  the  family 
of  Sir  John  Newton,  Bart,  and  was  Lord  of  the  Manor  of 
Woolsthorpe.  The  family  came  originally  from  Newtown,  in 
the  county  of  Lancaster,  from  which  probisibly  they  took  their 
Dame.  His  mother  was  Hannah  Ayscough,  of  an  ancient  and 
honourable  family  in  the  county  of  Lincoln.  She  was  married 
a  second  time  to  the  Rev.  Barnabas  Smith,  Rector  of  North 
Witham,  and  had  by  him  a  son  and  two  daughters,  from  whom 
were  descended  the  four  nephews  and  nieces,  who  inherited  Sir 
Isaac's  personal  estate.  Sir  Isaac  went  to  two  little  day  schools 
at  Skillingtdn  and  Stoke,  till  he  was  twelve  years  old,  when  ne 
was  sept  to  the  great  school  at  Grantham,  under  Mr.  Stokes, 
who  had  the  character  of  being  a  very  good  schoolmaster.  While 
at  Gra,ntham,  he  boarded  in  the  house  of  Mr.  Clark,  an  apothe- 
cary, whose  brother  was  at  that  time  usher  of  the  school. 

Here  he  soon  gave  proofs  of  a  surprising  genius,  and  asto- 
xiished  his  acquaintances  by  his  mechanical  contrivances.     In- 

•  From  Dr.  ThemsoD^s  History  of  the  Royal  Society,  p.  ST7. 

f  Wbeo  bom  he  was  so  iittle  that  his  mother  used  to  say  that  he  might  bavd 
^een  pat  into  a  quart  mug;  and  so  unlikely  to  live,  that  two  womeo,  vfho 
^ere:  soot  to  Lady  Pakehham's,  at  North  Witbam,  ffir  somethiu^;  for  bim^  did 
■ot  expect  to  find  him  ali?e  «t  their  return. 
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stead  of  playing  among  other  boys,  he  always  busied  himself  in 
making  curiosities,  and  models  of  wood  of  different  kinds.  For 
this  purpose  he  had  got  little  saws,  hatchets,  hammers,  and  all 
sorts  of  tools,  which  he  knew  how  to  use  w^ith  great  dexterity. 
He  even  went  so  far  as  to  make  a  wooden  clock.  A  new  wind- 
mill was  set  up  about  tliis  time  near  Grantham,  in  the  way  to 
Gunnerby.  Young  Newton's  imitating  genius  w»as  excited  ;  and 
by  frequently  prying  into  the  fabric  of  it,  as  they  were  making 
it,  he  contrived  to  make  a  very  perfect  model,  which  was  consi- 
dered at  least  equal  to  the  workmanship  of  the  original.  This 
sometimes  he  set  upon  the  house-top  where  he  lodged,  and 
clothing  it  with  sails  the  wind  readily  turned  it.  He  put  a  mouse 
into  this  machine,  which  he  called  his  miller ;  and  he  contrived 
matters  so  that  the  mouse  would  turn  round  the  mill  whenever 
he  thought  proper.  He  used  to  joke  too  about  the  miller  eating 
the  corn  that  was  put  into  the  mill.  Another  of  his  contri- 
vances was  a  water  clock,  which  he  made  out  of  a  box  that  he 
begged  from  the  brother  of  his  landlord's  wife.  It  was  about 
four  feet  in  height,  and  of  a  proportional  breadth.  There  was  a 
dial  plate  at  top,  with  figures  for  the  hours.  The  index  was 
turned  by  a  piece  of  wood  which  either  fell  or  rose  by  water 
dropping,  Tliis  stood  in  the  room  where  he  lay,  and  he  took 
care  every  morning  to  supply  it  with  its  proper  quantity  of  water. 
These  fancies  sometimes  engrossed  so  much  of  bis  thoughts, 
that  he  was  apt  to  neglect  his  book,  and  dull  boys  were  now  and. 
then  put  over  him  in  his  form.  But  this  made  him  redouble  hi» 
pains  to  overtake  them ;  and  such  was  his  capacity  that  he  could 
soon  do  it,  and  outstrip  them  when  he  pleased ;  and  this  wa» 
taken  notice  of  by  his  master.*  Still  nothing  could  induce  him 
to  lay  aside  his  mechanical  inventions ;  but  duriqg  holidays,  and 
every  moment  allotted  to  play,  he  employed  himself  in  knocking^ 
and  hammering  in  his  lodging  room,  pursuing  the  strong  bent  of 
his  inclination,  not  only  in  things  serious,  but  likewise  in  ludi- 
crous contrivances,  calcu^lated  to  please  his  schoolfellows  as  well 
as  himself :  as,  for  example,  paper  kites,  which  he  first  intro- 
duced at  Grantham.  He  took  pains  to  find  out  their  proper 
proportion  and  figures,  and  the  proper  place  for  fixing-  the  string, 
to  them.  He  made  lanterns  of  paper  crimpled,  which  he  used 
to  go  to  school  by  in  winter^  mornings  with  a  candle,  and  he  tied 
them  to  the  tails  of  his  kites  in  a  dark  night,  wliich  at  first 
frightened  the  country  people  exceedingly,  who  took  his  candles 
for  comets.     He  was  no  less  diligent  in  observing  the  motion  of 

♦  Sir  Isaac  used  to  relate  (ha(  he  was  very  negligent  at  school,  and  very 
Tow  in  it,  till  the  boy  above  him  gave  him  a  kick  on  the  belly,  which  put  him 
tf>;;reat  pain.  Not  content  with  having  thrashed  his  adversary,  Sir  Isaac  could 
nAt  rent  tUl  he  had  got  before  him  in  the  school ;  and  from  that  time  he  conti- 
«Mriitfj%'«IHJiewM  the  head  boy. 
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the  sun,  'Specially  in  tlie  yard  of  the  house  whiere  h^  lived, 
against  the  wall  and  roof,  wherein  he  drove  pegs  to  mark  the 
hours  and  half  hours  made  by  the  shade.  These,  by  some  years' 
observation,  he  made  very  exact,  so  that  any  body  knew  what 
o'clock  it  was  by  Isaac's  dial,  as  they  usually  caUed  it.  ^ 

His  turn  for  drawing,  which  he  acquired  without  any  assist- 
ance,^ was  equally  remarkable  with  his  mechanical  inventions.. 
lie  filled  his. whole  room  with  pictures  of  his  own  making; 
c^opied  partly  from  prints,  and  partly  from  the  life.  Among 
4Dthers,  were-  portraits  of  several  of  the  kings,  of  Dr.  Donne, 
and  of  Mr.  Stokes,  his  school- master.* 

Mrs.  Vincent  was  niece  to  the  wife  of  Sir  Isaac's  landlord,  at 
Clrantham,  and  lived  with  him  in  the  same  house.     According 
<o  her  account,  he.  very  seldom  joined  with  his  school -fellows  in 
their  boyish  amusements,  but  chose  rather  to  be  at  home,  even 
Jimong  the  girlsy  and  would  frequently  make  little  tables,  cup- 
lx)ards,' and  other  utepsils,  for  her  and  her  play  fellows  to  set 
their  babies  and  trinkets  in.     She  mentioned,  likewise,  a  cart 
'which  he  made  with  four  wheels,  in  which  he  would  sit,  and  by 
turning  a  windlass  about,  make  it  carry  him  round  the  house 
■wherever  he  pleased.     He  is  said  to  have  contracted  an  attach- 
«ient  to  Mrs.  Vincent,  whose  rhaiden  name  was  Storey,  and 
would  have  married  her,  but  being  himself  a  Fellow  of  a  Col- 
lege, with  hardly  any  other  income,  and  slie  having  little  or  no 
fortupe  of  her  own,  he  judged  it  imprudent  to  enter  into  any 
niatrimonial  connection.     But  he  continued  to  visit  her  as  long 
»s  he  lived,  after  her  marriage,  and  repeatedly  supplied  her  with 
money  when  she  wanted  it. 

During  all  this  time  the  mother  of  Sir  Isaac  lived  at  North 
Witham,  with  her  second  husband;  but,  upon  his  death,  she 
^returned  to  Woolsthorp,  and,  in  order  to  save  expenses  as  much 

*  He  informeJ  his  nephew,  Mr.  Conduitt,  that  he  had  a  facility  in  making 
^trses.  This  is  the  more  remarkable,  as  he  had  been  heard  Co  express  a  con- 
f^mpt  for  poetry.  Hei.ce  it  is  probable  that  the  foliowing;  lines,  which  he 
^rute  under  the  portrait  of  Charles  I.,  were  of  his  own  composition.  They 
vere  given  by  Dr.  Stukely,  frora  Mrs.  Vincent,  who  repeated  them  from 
niemory, 

A  secret  art  my  soul  requires  to  try, 
If  prayers  can  give  me  what  the  wars  deny. 
Three  crowns  distinguished  here  in  order  do 
Present  their  objects  to  my  knowing  view. 
Earth's  crown,  thus  at  my  feet,  I  can  disdain. 
Which  heavy  is,  and,  at  the  besjt,  but  vain. 
.   But  now  a  crown  of  thorns  I  gladly  greet : 
Sharp  is  this  crown,  bsit  not  so  sharp  as  sweet. 
The  crown  of  glory  that  I  yonder  see 
Ii<  full  of  bliss  and  of  eternity. 

If  Newton  wrote  these  lines,  it  must  be  remembered  that  they  were  written 
^hen  he  was  only  a  boy  at  schooU       •  X' 

02 
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as  she  could,  she  recalled  her  son  from  school,  in  order  to  make 
bim   serviceable  at  Woolsthorp,    in  managing  the  farm   and 
country  business.     Here  be  was  employed  in  superintending  the 
tillage,  grazing,  and  harvest;  and  he  was  frequently  sent  on 
Saturdays  to  Grantham  market,  with  corn  and  other  commodi* 
ties  to  sell,  and  to  carry  home  what  necessaries  were  proper  to 
be  bought  at  a  market-town  for  a  family ;  but,  on  account  of  his 
youth,  his  mother  used  to  send  a  trusty  old  servant  along  with 
hin^,  to  put  him  in  the  way  of  business.    Their  inn  was  at  the 
Saracen's  Head,  in  Westgate,  where^  as  soon -as  they  had  pat 
up  their  horses,  Isaac  generally  left  the  man  to  manage  the 
marketing,  and,  retiring  to  Mr.  Clarke's  garret,  where  he  used  . 
to  lodge,  entertained  himself  with  a  parcel  of  old  books,  till  it 
was  time  to  go  homt  again  ;  or  else  he  would  stop  by  the  way^ 
between  home  and  Grantham,  and  lie  under  a  hedge  studying^ 
till  the  man  went  to  town  and  did  the  business,  and  called  upon 
him  on  his  way  back.     When  at  home,  if  his  mother  ordered 
him  into  the  nelds  to  lode  after  the  sheep,  the  corn,  or  upon  any 
other  rural  employment,  it  went  on  very  heavily  under  his  ma- 
nagement. His  chief  delight  was  to  sit  under  a  tree  with  a  book 
in  his  hands,  or  to  busy  himself  with  his  knife  in  cutting  wood 
for  modeb  of  somewhat  or  other  that  struck  his  fancy ;  oi^  he 
would  get  to  a  stream  and  make  mill-wheels."* 

This  conduct  of  her  son  induced  his  mother  to  send  him  to 
Grantham  school  again  for  nine  months ;  and  then  to  Trinity 
College,  in  Cambridge,  where  he  fwas  admitted  the  5th  of  June, 
1660.  He  always  informed  himself,  beforehand,  of  the  books 
which  his  tutor  intended  to  read ;  and  when  he  came  to  the 
lectures,  he  found  he  knew  more  of  them  than  his  tutor  him- 
self. The  first  books  which  he  read  for  that  purpose,  were 
Saunderson's  Logic,  and  Kepler's  Optics.  A  desire  to  know 
whether  there  was  any  thing  in  judicial  astrology,  first  put  him 
upon  studying  mathematics.  He  discovered  the  emptiness  of 
that  study  as  soon  as  he  erected  a  figure ;  for  which  purpose  he 
made  use  of  two  or  three  problems  in  Euclid,  which  he  turned 
to  by  means  of  an  index.  He  did  not  then  read  the  rest,  looking 
upon  it  as  a  book  containing  only  plain  and  obvious  things.  Thit 
neglect  of  the  ancient  mathematicians,  we  are  told  by  Dr. 
Pemberton,  he  afterwards  regretted.  The  modem  books  which 
he  read  gave  his  mind,  he  conceived,  a  wrong  bias,  vitiated  his 
taste,  and  prevented  him  from  attaining  tlxat  elegance  of  demon- 
stration which  he  admired  in  the  ancients.  The  first  mathema- 
tical book  that  he  read  was  Descartes'  Geometry ;  and  he  made 
himself  master  of  it  by  dint  of  genius  and  application,  without^ 

-    ♦' Wit'-yKc^dim;  dcUilg  vcre  collected  upon  the  spot,  by  Dr.  Stakdjr^ 
4lr  JmcV  fCBooUeUowi,  and  tbe  compaiikiv  of  liu  bojrbood. 
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going  through  the  usual  steps,  or  having  the  assistanoe  of  anjr 
person.  His  next  book  was  the  Arithmetic  of  Infinites,  by  Dr. 
•WalHs.  On  these  books  he  wrote  comments  as  he  read  them^ 
and  reaped  a  rich  harvest  of  discoveries,  or,  more  properly, 
indeed,  made  almost  all  his  mathematical  discoveries  as  he  pro- 
ceeded in  their  perusaL 

•  In  1664  he  bought  a  {»*jsm,  as  appears  by  some  of  his  own 
accounts  of  expenses  at  Cambridge,  to  try  some  experiments 
upon  Descartes'  doctrine  of  colours,  and  soon  satisfied  himself 
that  the  hypothesis  of  Descartes'  was  destitute  of  foundation. 
The  further  prosecution  of  the  subject  satisfied  him  respecting 
the  real  nature  of  light  and  colours.  He  soon  after  drew  up  an 
account  of  his  doctrine,  which  was  published  in  the  Philoso' 
phical  Transactions,  and  unfortunately  gave  origin  to  a  contro- 
versy between  him  and  some  foreign  opticians,  which  produced 
,  an  unhappy  eSect  upon  his  mind^  and  prevented  him  from 
publishing  his  matWmatical  discoveries,  as  he  had  originally 
intended.  He  communicated  them,  however,  to  Dr.  Barrow, 
who  sent  an  account  of  them  to  Collins  and  Oldenburg,  andi)y 
that  means  they  came  to  be  known  to  the  Members  of  the  Royal 
Society*  ^  ^ 

He  laid  the  foundation  of  all  his  discoveries  before  he  was  24 
years  of  age.  In  the  year  1665,  when  he  retired  to  his  own 
estate  on  account  of  the  plague,  the  idea  of  his  system  of  gravi- 
tation first  occurred  to  him,  in  consequence  of  seeing  an  apple 
fall  from  a  tree.  This  remarkable  apple-tree  is  still  remaining, 
and  is  usually  shown  to  strangers  as  a  curiosity.  At  that  time, 
not  being  in  possession  of  any  accurate  measure  ef  the  earth's 
surface,  he  estimated  the  force  of  gravity  erroneously,  and  found, 
tn  consequence,  that  it  was  not  capable  alone  of  retaining  the 
moon  in  her  orbit.  This  induced  him  to  dismiss  his  hypothesis, 
at  that  time,  as  erroneous.  But  afterwards,  when  Picard  had 
measured  a  degree  of  the  eartli's  surface,  with  tolerable  accuracy, 
he  was  enabled  to  make  a  more  precise  estimate,  and  found  that 
the  force  of  gravity  exactly  accounted  for  the  moon's  motion  in 
her  orbit.  He  applied  his  doctrine  to  the  planets  and  the  whole 
solar  system,  and  found  it  to  account,  in  a  satisfactory  manner, 
for  the  whole  phenomena  of  the  motions  of  these  bodies. 

In  1607  he  was  elected  Fellow  of  Trinity  College,  in  Cam- 
bridge ;  and,  in  1669,  Dr.  Barrow  resigned  his  Mathematical 
Professorship  to  him.  In  167 1  be  was  elected  Fellow  of  the 
Royal  Society.  It  is  stated,  I  do  not  know  upon  what  authority, 
thar  at  this  time  he  was  so  poor  that  he  was  obliged  to  apply  to 
the  Society  for  a  dispensation  from  the  usual  contribution  of  a 
shilling  a  week,  which  all  the  Fellows  of  the  Society  regularly 
pay.    His  estates  (for  he  had  tvyo)  were  worth  about  80/.  a  year* 
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I  do  not  know  the  value  of  his  Fellowship,  nor  of  his  Professor- 
ship,t  but  both  together  could  not  be  less,  surely,  than  100/.  a 
year;  so  that  his  income,  at  that  time,  could  not  well  be  less 
than  200Z.  a  year.  Upon  this,  indeed,  he  had  his  mother  and 
her  family  to  support ;  but  if  we  consider  the  expense  of  living 
in  1671,  we  can  hardly  pronounce  Mr.  Newton,  at  that  time,  a 
poor  man.  In  1675  he  had  a  dispensation  from  King  Charles 
II.  for  retaining  his  Fellowship  without  taking  orders.  In  1687 
he  was  chosen  one  of  the  Delegates  to  represent  the  University 
of  Cambridge,  before  the  High  Commission  Court,  to  answer 
for  their  refusing  to  admit  Father  Francis  Master  of  Arts,  upoa 
the  King's  mandamus,  without  his  taking  the  oaths  prescribed 
by  the  statutes.  He  was  a  great  instrument  in  persuading  his 
colleagues  to  persist  in  the  maintenance  of  their  rights  and  pri- 
vileges. So  strenuous,  indeed,  was  the  defence  which  he  made, 
that  the  Crown  thought  proper  to  drop  its  pretensions.  In  1688. 
lie  was  chosen  by  the  University  of  Cambridge,  Member  of  the 
Convention  Parliament,  and  sat  in  it  till  its  dissolution.  He  was 
chosen  Member  of  Parliament  also  for  the  same  University  in 
1701.  In  1696  the  Earl  of  Halifax,  at  that  time  Mr.  Mon- 
tague, a?id  Chancellor  of  the  Exchequer,  who  w^as,  a  great  patron 
of  the  learned,  wrote  him  a  letter  to  Cambridge,  acquainting 
him  that  he  had  prevailed  with  the  King  to  make  him  Warden 
of  the  Mint.*  In  this  post  he  did  signal  service  in  the  great 
re-coinage,  which  took  plaqe  soon  after.  In  1699  Y\e  was  made 
Master  and  Worker  of  the  Mint;  in  which  situation  be  con- 
tinued till  his  death,  and  behaved  himself  with  an  universal 
character  of  integrity  and  disinterestedness.  He  had  frequent 
opportunities  of  employing  his  skill  in  mathematics  and  che- 
mistry, particularly  in  his  Table  of  Assays  of  Foreign  Coins^ 
which  is  printed  at  the  end  of  Dr.  Arbuthnot*s  Book  of  Coins. 

In  1701  he  made  Mr.  Whiston  his  Deputy  Professor  of  Ma- 
thernatics  at  Cambridge,  and  gave  him  all  the  salary  from  that 
time,  though  he  did  not  absolutely  resign  the  Profcssorehip  till 

♦  The  letter  was  as  foHows  :— 

Sra, 

I  AM  very  glad  that  at  last  I  can  j^ive  yon  a  good  proof  of  mj 
friendship,  and  the  esteem  the  King  has  of  your  merits.  Mr.  Overton,  the 
Warden  of  the  Mint,  is  made  one  of  the  Commissioners  of  the  Custom?,  and 
the  King  has  promised  me  to  make  Mr.  Newton  Warden  of  the  -Mint.  The 
office  is  the  most  proper  for  you;  'tis  the  chief  office  in  the  Mint,  'tis  worth 
five  or  six  hiiodred  pounds  per  annum,  and  has  not  too  much  business  to  re- 
quire more  attendance  than  you  may  spare.  I  desire  that  yon  win  come  up  as 
soon  as  you  can,  and  will  take  care  of  your  warrant  in  tlie  mean  time;  Let 
me  see  you  as  soon  as  you  come  to  town,  that  I  may  carry  yon  to  kits  the 
KiQ^'fi  baud.    I  believe  you  may  have  a  lodging  near  me.  ' 

lam,  &C.  Charles  Montague, 


\ 
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1703.  In  the  year  1703  he  was  chosen  President  of  the  Royal 
Society,  and  continued  to  fill  that  honourable  situation  till  the 
time  of  his  death.  In  1705  he  was  knighted  by  Queen  Anne, 
at  Cambridge, 

CTo  be  continued,)   . 


Article  II. 

Some  Miiiei'alogical  Ohei'vations  on  CornwalL      By  Thomas 

Thomson,  M.D.  F.R.S. 

(With  a  Plate  of  St.  Michael's  Mount.) 

Cornwall  has  been  lately  visited  by  so  many  mineralogists, 
and  such  ample  details  on  its  structure  have  been  furnished  by 
the  publications  of  M.  Deluc,  Dr.  Berger,  and  Mr.  Allan,  that 
perhaps  any  thing  farther  on  the  subject  may  seem  superfluous. 
I  travelled  through  it  with  such  rapidity,  and  made  my  observa- 
tions in  such  a  hasty  and  imperfect  manner,  that  1  ought  to 
apologize  for  presuming  to  lay  them  before  the  public :  but  a^ 
some  of  the  conclusions  which  I  thought  myself  warranted  to 
draw  are  different  from  those  drawn  by  preceding  observers,  and 
as  the  knowledge  of  the  structure  of  Cornwall  constitutes  a  very 
material  point  in  the  geology  of  Great  Britain,  I  thought  it 
better  to  present  H)y  notes  to  the  public,  even  at  the  hazard  of 
falling  into  mistakes.  They  will  at  least  serve  to  call  the  atten- 
tion of  future  observers  to  some  very  material  points,  and  may 
in  some  measure  facilitate  their  examination  of  this  interesting 
but  difficult  province. 

The  chalk  country,  as  far  as  I  could  observe,-  terminates  ten 
miles  west  from  Dorchester :  but  the  country  between  that  place 
and  Exeter,  though  hilly,  is  so  completely  covered  with  grass  or 
corn  that  it  is  very  difficult  to  make  out  its  structure.  The  only 
rocks  which  I  perceived  were  a  floetz  limestone,  containing 
petrifactions  and  a  coarse  sandstone,  which  seemed  to  continue 
almost  to  Exeter.  The  soil  round  Exeter  is  red,  very  deep,  and 
reckoned  one  of  the  richest  in  England.  It  has  the  aspect  of 
sand,  but  the  tenacity  of  clay,  and  seems  to  be  a  mixture  of 
both. 

On  the  road  that  leads  north  from  Exeter,  transition  rocks 
may  be  seen.  The  road  has  been  sunk  in  them  in  some  places 
to  the  depth  of  about  six  feet,  so  that  they  stand  as  a  wall  on 
the  west  side.  They  consist  of  alternate  beds  of  greywacke  and 
grey wacke  slate.  These  beds  are  nearly  vertical.  The  slate  is 
shivery,  and  possesses  the  usual  characters  of  greywacke  slate. 
The  beds  of  greywacke  are  few,  and  the  rock  itself  not  very  well 
characterized.  Here  and  there  I  thought  I  observed  thin  beds 
of  flinty  slate  in  these  rocks, 
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I  visited  the  manganese  mine  at  Upton  Pyne,  three  miles 
north  from  Exeter.  The  manganese  occurs  at  the  depth  of  120 
feet.  The  surface,  and  for  a  considerable  depth,  consists  of  a 
red  coloured  gravel :  then  comes  a  coarse  and  very  hard  sand- 
stone, composed  of  fragments  of  flinty  slate,  quartz,  clay-slate, 
&c.  I  conceive  it  to  be  a  transition  sandstone,  and  intimately 
connected  with  greywacke.  The  manganese,  as  far  as  1  could 
determine,  constituted  a  bed ;  but  particular  circumstances  pre- 
vented me  from  being  able  to  ascertain  the  point  in  a  satisfactory 
manner. 

Whether  the  transition  rocks  continue  all  the  way  from 
Exeter  to  Plymouth,  I  do  not  know.  The  hill  immediately  to 
the  south  of  Exeter  is  thick  strewed  with  flint.  To  the  south  of 
that  occur  beds  of  limestone :  but  from  Ivy  Bridge  to  Plymouth 
the  rocks  aVe  clay  slate.  This  clay  slate  I  conceive  to  be  transi- 
tion, because  it  is  continued  without  interruption  to  Plymouth, 
where  the  clay  slate  is  indisputably  transition. 

The  rocks  round  Plymouth  are  so  well  exposed,  and  so  well 
characterized,  that  there  can  be  no  hesitation  about  the  class  to 
which  they  belong.     I  saw  only  two  kinds  of  rock,  namely, 
limestone  and  clay  slate*     The  limestone  rocks  form  low  round- 
backed  hills,  which  surround  the  bay ;  and  they  are  every  where 
wrought  for  lime,  which  is  carried  to  considerable  distances,  and 
.   employed  as  manure.    The  colours  of  this  limestone  are'  various, 
blue,  red,  white,  and  grey,  often  mixed  irregularly,  but  some- 
times disposed  as  if  in  regular  beds.     Its  lustre  is  glimmering, 
and  seems  to  proceed  from  small  crystals  of  calcareous  spar 
scattered  through  it.     The  fracture  is  splintery,  with  a  tendency 
to  the  small  conchoidal.   This  description  characterizes  the  most 
common  transition  limestone.    Hence  there  can  be  no  hesitation 
in  considering  the  Plymouth  limestone,  and  all  the  rocks  that 
alternate  with  it,  as  transition. 

In  most  places,  as  in  the  rocks  between  Plymouth  and  the 
Dock,  and  at  the  north  side  of  Mount  Edgecumbe,  it  seems  to 
dip  towards  the  sea  at  an  angle  of  about  70° ;  but  on  the  north 
face  of  Mount  Wise,  under  the  telegraph,  it  has  the  aspect  of 
horizontal  strata,  varying  in  thickness  from  that  of  a  leaf  of 
*p^per  to  a  foot  or  more.  These  apjmrent  strata  are  distinguished 
by  the  alte?:nation  of  different  colours,  chiefly  red  and  white. 

I  was  at  some  pains  in  examining  this  limestone,  to  see  whe- 
ther I  could  detect  any  animal  remains  in  it,  because  Mr.  Play- 
fair  informs  us  that  he  found  a  shell  in  it ;  but  all  my  labour  was 
to  no  purpose.  I  found,  indeed,  the  patella  vulgata  mixed  with 
fragments  of  it  3  but  the  shell  was  recent,  and  obviously  had 
come  from  .tb^  shore.  Indeed,  1  am  not  aware  that  any  shells 
have  ever  been  observed  in  this  kind  of  transition  limestone,  the 
petriJEoctions  which  it  contains  being  of  a  different  kind.    Hence 

6  s 
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it  is  not  unlikely  that  Mr.  Playfair  may  have  been  deceived  by 
some  appearance  similar  to  that  of  the  patella^  which  had  at  fint 
almost  oeceived  myself. 

The^  clay  slate  breaks  easily  into  thin  slates  of  a  good  size,  and 
18  often  used  for  roofing,  and  even  for  covering  the  walk  of 
houses.  Its  most  common  colour  is  dark  blue,  though  sometimes 
it  is  purple.  Its  lustre  is  glimmering,  from  specks  of  mica, 
which  are  best  seen  when  you  examine  the  cross  fracture  of  a- 
thick  piece.  It  contains  numerous  thin  beds  of  quartz,  and  b 
often  traversed  by  quartz  veins  running  in  all  directions.  AU 
these  characters  are  well  known  to  belong  to  transition  clay 
slate ;  so  that  they  corroborate  the  conclusions  drawn  from  the 
limestone,  if  corroboration  be  necessary. 

In  several  places  I  found  beds  of  limestone  and  clay  slate 

alternating.     In  going  from  Plymouth  to  the  Dock,  by  the  new 

road  over  the  bridge,  we  pass  by  a  range  of  limestone  rocks,  in 

which  two  different  beds  of  clay  slate  may  be  observed ;  the  first 

in  a  low  part  of  the  rqck.     The  line  of  junction  appeared  to  me 

.  to.  run  from  north  to  south ;  but  this  was  probably  a  deception^ 

firom  the  way  in  which  the  two  rocks  had  been  quarried.    The 

second  bed  lies  farther  west ;  and  the  line  of  junction  may  be 

•  traced  for  some  way  from  west  to  east,  both  rocks  dipping  to  the 

sea  at  an  angle  of  about  7^^-  '  As  we  walk  west  the  clay  slate 

disappears  ;  but  its  place  is  supplied  by  a  portion  of  the  lime* 

stone,  which  assumes  a  slaty  structure. 

Between  Plymouth  and  Grampound,  travelling  along  the  road^ 
I  observed  no  other  rock  but  clay  slate.  At  Grampound,  clay 
slate  and  greywacke  alternate ;  and  this  alternation  continues  all 
the  way  to  Truro.  The  road  between  Grampound  and  Truro  is 
mended  with  greywacke.  About  100  yards  east  of  the  fourth 
milestone  from  Truro,  there  is  a  quarry  of  greywacke  on  the 
south  side  of  the  road.  The  greywacke  is  remarkably  well  cha- 
racterized, and  exactly  resembles  the  same  rock  in  the  Pentlaiids 
near  Edinburgh. 

I  did  not  find  that  the  Cornish  miners  gave  the  name  of  killas 
to  greywacke,  as  Dr.  Berger  and  Mr.  Allan  seem  to  have  taken 
for  granted  they  did.  The  rock  does  not  occur  in  apy  of  the 
mines  that  I  visited  ;  nor  could  I  find  that  it  had  been  distin- 
guished by  any  particular  name.  The  term  killas  is  applied  in 
Cornwall  solely  to  clay  slate,  both  primitive  and  transition.  If 
mica  slate  occurs  it  will  also  have  the  same  name ;  but  I  did  not 
observe  any  mica  slate  in  any  of  the  mining  districts  which! 
visited. 

The  town  of  Truro  is  built  of  a  stone  very  much  resembling 
Bath  stone.  It  is  a  kind  of  oolite.  As  this  stone  is  procured 
from  a  quarry  lieing  on  the  south  side  of  Truro^  it  must^  I  con- 
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eeive,  lie  among  the  transition  rocks ;  but  as  I  did  not  see  the 
quarry^  I  can  give  no  information  respecting  it. 

The  clay  slate  and  greywacke  extend  as  Tar  south  as  the  river* 
Hel,  about  four  miles  south  of  Falmouth.  I  crossed  the  mouth 
of  that  river  in  the  evening,  landed  at  Portalla,  and  spent  the 
night  in* a  fisherman's  cottage.  Next  morning  the  clay  slate  was 
no  longer  to  be  seen.  The  rocks  at  Portalla  are  porphyry.  The- 
base  is  a  compact  felspar,  approaching  somewhat  to  homstoae 
in  its  hardness  and  fracture.  This  porphyry  continued  but  a 
short  way  as  we  walked  south,  and  was  succeeded  by  a  beautiful - 
and  very  hard  greenstone,  interspersed  here  and  there  with  beds 
of  greenstone  porphyry.  This  greenstone  appeared  to  me  to 
extend  south  about  three  miles ;  but  as  I  went  along  the  sea 
shore,  and  followed  the  windings  of  the  coast,  it  was  not  easy 
to  forn^  an  accurate  conception  of  t(ie  true  breadth  of  the  be& 
over  which  I  passed. 

The  greenstone  is  followed  by  a  very  beautiful  bed  of  diallage 
rock.  This  rock  has  been  frequently  observed  in  other  countries,- 
and  is  well  known  to  be  intimately  connected  wiih  serpentine. 
The  Italians  have  given  it  the  name  of  gabbro ;  but  Von  Buch, 
who  met  with  it  in  abundance  in  Norway,  has  distinguished  it 
by  the  name  of  diallage  rock^  a  name  which  I  have  adopted,  as 
more  suitable  to  our  language  than  gabbro.  It  is  composed  of 
compact  felspar  and  diallage.  In  the  peninsula  of  the  Lizzard, 
the  diallage  is'  usually  brown,  commonly  with  a  shade  of  grey  or 
green.  The  felspar  is  sometimes  dark  coloured,  sometimes  white. 

The  road  by  the  sea-side  in  this  part  of  the  peninsula  became 
so  difficult  that  I  was  obliged  to  leave  it,  and  penetrate  into  the 
interior  of  the  country.  The  consequence  was,  that  I  missed 
the  termination  of  the  diallage  rock,  and  the  commencement  of 
the  serpentine^  the  bed  which  follows  next  in  order;  for  the 
interior  of  this  peninsula  consists  of  a  flat  land,  wholly  covered 
with  heath,  or  grass,  or  corn;  so  that  the  rocks  are  almost  evei^ 
where  hid  from  our  view.  The  serpentine  appeared  to  me  to 
commence  between  four  and  five  miles  north  from  the  Lizzard 
Point,  and  it  continues  to  witliin  about  half  a  mile  of  the  light- 
house. The  serpentine  ot  the  Lizzard  is  the  common  serpentine, 
and  is  distinguished  by  the  usual  variety  of  colours  of  that  beau- 
tiful rock,  but  red  is  by  far  the  most  prevalent.  On  the  sea 
shore  it  is  every  where  altered  on  the  surface  by  the  action  of  the 
weather :  it  is  covered  by  a  thin  white  crust,  and  every  where 
split  by  innumerable  rifts,  which  appeared  to  me  to  separate  very 
accurately  all  the  different  coloured  pieces  from  each  other. 

About  half  a  mile  from  the  Lizzard  Point  the  serpentine  ter- 
ininates,  and  is  succeeded  by  a  bed  of  clay  slate,  which  con- 
iimet  tp<^  9ea  ahore,  and  constitutes  the  most  southern  extre-  . 
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mity  of  Great  Britaio.  This  clay  slate  possesses  an  unusual 
proportion  of  raica.;  but  its  characters  are  those  of  clay  siate> 
and  not  of  mica  slate,  as  Dr.  Berger  has  called  it,  misled,  I 
presume,  by  the  quantity  of  mica  wliich  it  contains. 

All  the  above  described  beds,  which  constitute  the  peninsula 
of  the  Lizzard,  lie  in  a  conformable  position  to  each  other,  and 
dip  to  the  south  at  an  angle  of  more  than  JO^,  as  is  the  case  with 
the  transition  slate  on  their  north  side.  Hence  they  all  lie  oa 
that  slate,  and  if  produced  north  would  cover  it.  We  cannoi 
doubt,  therefore,  that  they  all  belong  to  the  same  formation,, 
or  that  the  whole  peninsula  of  the  Lizzard  consists  of  transitioa 
rocks.  The  clay  slate  at  its  southern  extremity,  then,  is  a  tran-? 
sition  slate;  and  indeed  it  possesses  all  the  characters' of.  it.  The 
only  circumstance  which  could  have  prevented  preceding  ob- 
servers from  drawing  this  very  obvious  conclusion,  is  the  exist- 
ence of  serpentine  in  the  district,  which  has  been  hitherto  con- 
ceived to  belong  exclusively  to  primitive  rocks;  but  as  the 
diallage  rock,  which  is  so  intimately  connected  with  serpentine, 
and  so  frequently  accompanies  ii,  had  been  already  found  ks  a 
transition  rock,  mineralogists  were  naturally  lead  to  expect  that 
serpentine  would  occasionally  occur  in  the  same  position.  The 
occurrence  of  transition  serpentine,  th^n,  in  Cornwall,  is  no 
more  than  a  fact  which  we  were  previously  led  to  expect. 

The  soap  rock  which  occurs  at  the  Lizzard  is  found  in  the 
serpentine.  It  is  said  to  constitute  a  vein  ;  but  after  examining 
the  supposed  vein  with  some  attention,  I  confess  that  the  soap 
rock  did  not  appear  to  me  to  constitute  a  true  vein,  but  to  he 
merely  a  portion  of  the  serpentine  itself  altered  by  the  action  of 
water,  or  some  other  cause.  It  exhibits  the  same  colours  as 
serpentine,  oVily  they  are  all  lighter ;  and  it  has  altogether  so 
much  of  the  same  aspect,  that  I  am  tempted  to  believe  that  its 
constituents  will  he  found  the  very  same  with  those  of  the  ser- 
pentine— an  experiment  which  I  shall  certainly  try,  if  my  speci- 
mens reach  me  from  Cornwall  in  safety. 

Veins  of  schorl  are  said  to  occur  in  the  clay  slate  near  the 
Lizzard.  Unless  they  constitute  what  is  called  by  Mr.  Jameson 
the  schorl  rock  of  Cornwall,  I  know  not  where  to  find  it ;  as  I 
neither  saw  nor  heard  of  any  rocks  of  schorl  in  the  county  (ex- 
cept in  minute  quantities),  though  1  was  on  the  look  out  for 
them  during  my  whole  stay  in  the  county. 

I  think  there  is  reason  to  doubt  whether  the  greenstone  and 
felspar  porphyry  reach  to  the  west  coast  of  the  peninsula;  for  at 
Mullyan,  which  I  conceive  to  be  nearly  opposite  to  the  southern 
commencement  of  the  gieenstone  on  the  east  coast,  I  found  a 
bed  of  clay  slate.  As  it  became  dark  soon  after  I  passed 
Mullyan,  I  had  no  opportunity  of  seeing  the  structure  of  the 
country  on  my  way  north  to  Helston  ;  but  as  the  country  round 
Helston  itself  is  composed  of  clay  slate,  we  V\a\e  \v\X\^  ita&^^w  v^ 
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doubt  that  the  same  rock  extends  all  the  way  south  to  MuIIyan. 
The  clay  slate  roui^  Helston  is  of  a  dark  blue  colour,  almost 
black,  with  hardly  any  lustre;  nor  could  I  detect  any  mica  in  it; 
but  it  is  traversed  in  every  direction  by  quartz  veins.  It  has  no 
resemblance  to  primitive  clay  slate;  and  though  I  found  no 
greywacke,  nor  any  other  rock  but  the  slate,  I  conceive,  from 
its  appearance  and  connection  with  the  neighbouring  country, 
there  can  be  no  hesitation  in  referring  it  to  transition  slate. 

From  Helston  to  Merazion  is  a  distance  of  eight  mfles ;  and 
the  whole  country,  as  far  as  I  had  an  opportunity  of  seeing  it,  i» 
composed  of  the  same  transition  slate.  Merazion  stiands  upon 
the  sea  shore  upon  the  cast  shoulder  of  Mount's  Bay.  Tlie  rocks 
below  it  are  exposed  for  about  7^0  yards  along  the  coast,  and 
in  some  places  are  about  20  feet  above  the  level  of  the  sea* 
Within  that  space  I  reckoned  14  alternate  beds  of  clay  slate,  and 
a  blue  stone,  to  which  Dr.'Berger  and  Mr.  Allan  have-given  the 
name  of  grcywacke.  It  is  very  hard;  and  the  materials  .of  which, 
it  is  composed  cannot  be  distinguished  by  the  naked  ey6.  Though  :■ 
no  person  could  recognise  it  ds  grcywacke  merely  ffon^  seeing^ . 
specimens  of  it,  yet,  from  its  situation  and  connection,  I  cannot 
avoid  thinking  that  these  gentlemen  have  named  it  rigfat.  The 
clay  slate  is  by  far  the  predominant  rock ;  but  the  beds  of  this 
grcywacke  rock  are  sometimes  also  pretty  thick.  Tke  thickest 
which  I  observed  was  73  yards,  and  the  thinnest  five  feet  thick. 

These  clay  slate  and  grcywacke  rocks  lie  opposite  to  St. 
Michaers  Mount,  which  is  about  500  yards  south  from  the  Dry 
Beach.  They  extend  both  farther  east  and  farther  west  than  the 
mount.  Now  it  deserves  notice  that  those  beds  which  are  on 
the  cast  side  of  the  middle  of  the  mount  dip  east  at  an  angle  of  - 
about  70°,  and  those  on  the  west  side  dip  vmest  at  about  the  same 
angle.  Hence  if  they  were  continued  without  interruption  till 
they  met,  they  would  form  a  sloping  hill  considerably  higher 
than  the  mount,  and  the  mount  itself  would  form  the  isouthem 
extremity  of  it.  The  farthest  west  bed  of  grcywacke  is  the 
highest.  Tin  ore  was  formerly  found  in  it,  and  a  mine  existed 
for  some  time  from  which  it  was  extracted ;  but  it  ha^  been  for  a 
considerable  period  abandoned. 

The  clay  slate  rocks  cannot  be  traced  without  interruption 
from  the  sea  shore  to  St.  Michael's  Mount,  the  middle  part  of 
the  way  for  about  100  yards  being  covered  by  sea  sand ;  but  that 
they  continue  in  reality  under  this  sand  cannot  be  doubted. 

St.  Michael's  Mount  itself  is  a  small  conical  hill,  according 
to  Dr.  Berger's  measurement  231  feet  high.  As  it  is  the  most 
remarkable  spot  in  Cornwall,  in  ff  mineralogical  point  of  view, 
I  have  given  an  outline  of  its  shape  in  the  annexed  plate» 
When  we  reach  it  from  the  north,  the  first  rocks  we  meet  with 
are  clay  slate,  possessing  exactly  the  same  cliaracten  as  the  clay 
Bbite  at  Meni2io%  aud  uDdou\>led\^  ^l  co\:^viv>xdXvotLoE  the  same 
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bed.     The  whole  northern  base  of  the  mount  consists  of  clay 

slate,     I  could  not  determine  either  the  direction  or  aniount  of 

its  dip;  but  it  seemed  to  lie  much  more  horizontally  than  the 

clay  slate  at  Merazion.     It  does  not  extend  to  any  height  up  the 

mount.     The  upper'part  of  the  mount  consists  of  granite.     Oa 

the  south  side  this  granite  continues  down  to  the  water's  edge, 

and  it  continues  to  constitute  the  whole  of  the  bill  both  on  the 

east  and  west  side  for  about  f  ths  of  its  whole  extent.     Then  we 

come  to  the  clay  slate.     On  the  east  side,  where  the  granite 

terminates,   numerous  veins   of  it  run  into  the  clay  slate  in 

different  directions.    I  traced  some  of  them  for  a  length  of  125 

feet,  and  then  lost  them  only  because  they  ran  under  heaps  of 

loose  stones,  which  1  was  unable  to  remove.    Thcie  veins  vary 

in  width  from  an  inch  or  two  to  about  a  foot  and  a  half;  but 

their  common  width  is  above  a  foot.     Sometimes  they  contain 

fragments  of  clay  slate ;  sometimes  they  consist  of  felspar ;  but 

most  commonly  of  perfect  granite.     I  consider  the  descriptions 

which  Mr.  Playfair  and  Mr.  Allan  have  given  of  them  as  correct.*^ 

No  person  who  will  be  at  the  trouble  to  examine  them  can 

doubt  that  they  are  real  veins,  that  they  run  from  the  granite 

into  the  ciay  slate,  and  therefore  that  the  granite  must  have  been 

deposited  after  the  clay  slate :  but  if  there  be  any  person  ^not 

satisfied  with  the  appearance  of  these  veins,  he  has  only  to  go  to 

the  west  side  of  the  mount,  where  he  will  find  two  beds  of  gra-* 

Qite  in  the  clay  slate,  and  the  position  of  th^se  beds  such  as  to 

indicate  in  the  clearest  manner  that  the  great  body  of  the  granite 

had  been  deposited  after  the  clay  slate. 

These  facts  put  it  beyond  dispute  that  the  granite  of  St. 
Michael's  Mount  is  not  primitive  but  transition  sranite.  This 
is  the  conclusion  that  Mr.  Allan  ought  to  have  drawn  from  hid 
premises,  and  the  conclusion  that  he  would  have  drawn  if  he  had 
given  his  reasoning  powers  fair  play.  He  proved  that  the  granite 
lay  over  the  clay  slate,  anfl  that  it  must  have  been  deposited  after 
the  clay  slate.  He  proved,  likewise,  that  the  clay  slate  is  a 
transition  rock.  From  all  this  it  follows  irresistibly  that  the 
granite  likewise  is  a  transition  rock. 

This  is  not  the  first  time  that  granite  has  been  observed  as  a 
transition  rock.  Von  Buch  observed  it  in  a  similar  position  in 
the  neighbourhood  of  Christiana  in  Norway.  In  all  probability, 
when  transition  rocks,  which  are  so  common  in  this  country, 
come  to  be  examined  more  carefully  than  they  have  hitherto 
been,  granite  will  be  frequently  found  among  them.  Why 
should  it  not,  as  well  as  clay  slate,  greenstone,  and  porjAyry? 

{To  be  continued.) 

*■  The  clay  slate  in  tbe  netghbonrbpod  of  the  veiot  contaiiu^io  nach  mica  a% 
tp  have  the  aspect  of  mica  slate. 
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Article  III. 

On  tJie  Nature  of  Muriatic  Add.    By  Jacob  Berzelius,  MJO. 
F.R.S.  Professor  of  Chemistry  at  Stockholm. 

(Letter  from  Dr.  Berzelius  to  Dr.  A.  Marcet.*) 

DEAR  SIR, 

You  ask  of  me  an  ex|)lanation  of  my  ide?is  respecting  muriatic 
acid,  and  the  reasons  that  prevent  me  from  adopting  the  new 
theory  of  Sir  Humphry  Davy  respecting  this  substance.  1  shall 
in  the  first  place  state  the  difference  between  the  old  theory  and 
that  of  Sir  H.  Davy,  and  then  give  my  reasons  for  considerin|p 
the  old  theory  as  the  most  accurate. 

According  to  the  old  hypothesis,  muriatic  acid  is  composed  of 
a  combustible  radicle  still  unknown,  and  of  oxygen.     Muriatic^ 
like  several  other  acids,  cannot  be  obtained  in  a  separate  state. 
It  does  not  seem  capable  of  existing  except  in  combination  with 
some  oxide  or  other.  When  combined  with  water,  it  constitutes 
common  muriatic  acid  gas.  In  this  compound  the  water  constitutes 
a  base  for  the  acid,  just  as  I  have  proved  it  to  do  in  concentrated 
sulphuric  and  nitric  acids,  in  efHoresced  oxalic  acid,  &c.     The 
muriatic  radicle  is  capable  of  combining  with  different  doses  of 
oxygen.     I  have  proved  that  muriatic  acid  neutralized  by  a  base 
iioutains  exactly  twice  as  much  oxygen  as  the  base  with  which  it 
is  saturated  ;  that  is  to  say  (to  employ  the  expression  of  Daltou), 
that  the  acid  is  composed  of  one  atom  of  radicle  and  two  atoms 
of  oxygen.     The  other  compounds  formed  consist  of  one  atom 
of  radicle  combined  with  three,  four,  and  six  atoms  of  oxygen, 
constituting  oxymuriatic  gas  (superoxidum  muriatosum),  eucblo- 
rine  gas  of  Davy  (superoxidum  muriaticum),  and  hyperoxymu- 
riatic  acid  (acid urn  oxymuriaticura).     Muriatic  is  one  of  the 
most  powerful  acids,  and  possesses  in  a  high  degree  the  property 
of  forming  with  salifiable  oxides,  both  neutral  salts  and  salts 
with  excess  of  base. 

According  to  the  new  hypothesis,  oxymuriatic  gas,  in  the 
present  state  of  our  knowledge,  must  be  considered  as  an  ' 
elementary  body,  though  its  great  specific  gravity,  and  the  pro- 
perty  which  it  has  of  crystallizing  with  water  at  a  low  tempera- 
ti>re,  leads  one  to  conjecture  that  it  is  a  compound,  and  even 
that  it  contains  oxygen.  The  illustrious  author  of  this  hypothesis 
has  given  it  the  name  of  chlorine.  Chlorine  has  the  property  o£ 
combining  with  an  atom  of  oxygen;  and  the  oxide  thus  produced 

«  Dr»  Mi^rcet^  having  been  request eJ  by  Dr.  Berzelius  to  publish  this  letter, 
ia  order  iib  promiite  dlsciUsioii,  has  compiled  with  the  request* 
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is  called  euchlorine.  Chlorine  combines  likewise  with  an  atom 
of  hydrogen.  The  compound  formed  is  muriatic  acid.  This 
acid  is  analagous  to  sulphuret6d  hydrogen  and  tellul^eted  hy- 
drogen, and,  like  these  two  acids,  it  is  decomposed  by  the 
greatest  number  of  the  saline  bases,  the  oxygen  of  which  com- 
bines with  the  hydrogen  of  the  acid,  and  forms  water,  at  the 
same  time  that  the  fnetallic  radicle  of  the  base  unites  with  the 
chlorine.  Muriatic  acid  parts  with  its  hydrogen  still  more  easily 
than  the  two  above-mentioned  acids,  since  it  js  decomposed  by 
oxides  which  nieither  alter  sulphureted  nor  tellureted  hydrogen ; 
by  potash  and  soda,  for  example.  On  the  other  hand  muriatic 
<acid  is  neither  decomposed  by  atmospheric  air,  nor  oxygen  gas, 
as  happens  to  the  compounds  of  hydrogen  with  sulphur  and 
teilu|ium.  What  we  have  hitlierto  called  muriate  of  potash  and 
muriskte  of  soda,  is  nothing  but  a  compound  of  chlorine  and  the 
nfetallic  radicles  of  these  oxides.  The  only  bases,  which  do  not 
decompose  muriatic  acid,  are  ammonia,  alumina,  and  in  some 
measure  also  magnesia.  The  salts  called  hyperoxymuriates  are 
combinations  of  euchlorine  with  the  peroxides  of  the  bases* 
Chlorine  combines  with  all  combustible  bodies  except  carborif 
and  perhaps  also  boron,  but  it  combines  with  the  oxide  of  carbon. 

Such  is  an  outline  of  each  hypothesis.  I  shall  in  the  first  place 
examine  the  circumstances  by  which  the  illustrious  author  of  the 
new  hypothesis  considered  himself  as  obliged  to  abandon  the  old 
opinion.  I  shall  afterwards  state  some  facts  which  agree  very 
well  with  the  old  hypothesis,  but  npt  with  the  new. 

It  has  not  escaped  the  sagacity  of  Davy  that  chlorine  may 
contain  oxygen;  but  having  exposed  salifiable  bases  to  the  action 
of  oxymuriatic  gas,  he  found  that  the  quantity  of  oxygen  evolved 
was   exactly  equal  .to  that  contained  in  the  oxide  employed. 
Hence  he  concluded  that  this  oxygen  could  not  be  furnished  by 
the  oxymuriatic  acid  gas,  but  was  derived  from  the  oxide  :  the 
radicle  of  which,  having  a  stronger  affinity  for  chlorine  than  for 
oxygen,  parted  with  its  oxygen  and  united  with  the  chlorine. 
Before  the  establishment  of  the  doctrine  of  definite  proportions 
in  chemistry,  the  experiments  just  stated  might  certainly  war- 
rant a  new  conjecture  respecting  the  nature  of  oxymuriatic  gas ; 
but  at  present  it  is  established  by  that  doctrine,  that  the  oxymu- 
riatic acid  is  composed  of  one  atom  of  radicle  and  three  atoms 
of  oxygen  ;  that  it  is  capable  of  neutralizing  a  quantity  of  any 
base  whatever,  the  oxygen  in  which  amounts  to  half  the  oxygen 
in- the  acid;  and  that,  of  consequence,  the  quantity  of  .oxygen 
disengaged  from  the  oxymuriatic  gas  decomposed  by  a  saline  base 
is  equal  to  that  contained  in  the  base  by  which  it  is  decomposed.  ■ 

Hydrogen  gas  unites  witli  oxymuriatic  gas,  and  forms  a 
muriate  of  water,  without  any  excess  either  of  water  or  muriatic 
apid.  This' experiment,  being  conforroabler  to  the  old  V\^^c>xN\«svav 

2     . 
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proves  nothing  in  favour  of  the  new.  Tliough  the  muriate  ftf 
water  hiis  the  gaseous  form,  this  proves  nothing  against  the  old 
hypothesis ;  for  the  form  of  aggregation  is  a  physical  propert]^ 
which  neither  hypothesis  is  capable  of  explaining. 

The  strongest  circumstance  in  favour  of  the  new  hvpothesils  is^ 
that  charcoal  is  neither  capable  of  decomposing  oxymuriatic  gfB 
nor  muriate  of  silver  at  any  temperature  whatever.    Thfe  cit- 
cumstance»    compared  with  the  extreme  fadlity    with  whiCb 
oxymuriatic  gas  acts  upon  the  metals,  appears  at  first  sight  per- 
fcetly  to  justify  the  conjecture  that  oxymuriatic  gas  is  an  elemen- 
tary substance ;  but  the  most  simple  explanation  is  not  always  tliie 
most  accurate.    In  order  to  conceive  the  cause  of  this  pneno- 
xnenon  we  must  attend  to  its  connection  with  the  general  theory 
of  chemistry.     We  must  observe,  in  the  first  place,  that  there, 
are  several  acids  which  cannot  exist  without  being  combined  with 
water  or  with  some  other  oxide;  such  are  sulphuric,  nitric,  oxdie^ 
tartaric  acids,  &c.    Now  we  suppose  that  the  same  is  the  cilse 
with  muriatic  acid  ;  and  if  so,  a  combustible  body,  the  (rxXAt  df 
which  formed  by  the  quantity  of  oxygen  contained  in  the  oxymit- 
riatic  gas  is  insufficient  to  saturate  all  the  quantity  of  muriatid 
acid  contained  in  that  gas,  can  never  at  any  temperature  whatever 
decompose  oxymuriatic  gas  into  oxygen  and  muriatic  acid,  be- 
cause tlie  muriatic  acid  has  no  base  with  which  it  can  combine  itf 
order  to  preserve  its  existence  as  an  acid.     Such  a  combustibkf 
substance  must  either  deprive  the  acid  radicle  of  the  whole  of  its? 
oxygen,  or,  if  its  affinity  for  oxygen  be  not  sufficiently  great  fof 
that,  it  will  leave  the  acid  without  any  alteration  at  all ;  but  we 
know  that  the  oxide  of  carbon  has  not  the  property  of  combining* 
with  any  other  oxide.     Hence  charcoal  cannot  furnish  an  oxide 
capable  of  uniting  with  muriatic  acid,   when  deprived  of  itif 
excess  of  oxygen.    If  we  suppose  that  the  radicle  of  muriatic 
acid  has  a  stronger  affinity  for  oxygen  than  charcoal  has,  there  iaf 
no  difficulty  in  explaining  the  want  of  action  of  charcoal  on 
oxymuriatic  acid ;  while  such  a  supposition  throws  oonsiderahte' 
light  on  the  theory  of  chemistrj'. 

You  see,  then,  that  the  facts  which  have  been  considered  a» 
most  favourable  to  the  new  hypothesis  are  equally  explicable  On 
the  old  opinions. 

If  we  attempt  to  prove  by  a  direct  experiment  that  the  hew 
theoiy  is  inconsistent  with  truth,  it  will  be  difficult  to  find 
any  which  is  not  susceptible  of  explanation,  according  to  either 
supposition.  The  cause  of  this  is,  that  as  the  muriatic  acid 
cannot  l)e  obtained  in  a  separate  state,  it  always  retains  in  com- 
bination enough  water  to  oxidate  the  combustible  bodies  suffi- 
ciently to  be  capable  of  uniting  with  the  pureiicid.  Hence  we 
have  it  not  in  our  power  to  make  potassium  act  upon  por& 
marialde  acid  y  because,  whether  we  empby  oxymuriatic  gas 
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miiiriatic  itclcl  gas^  there  19  alv^yt  a  sufficient  quantity  of  oxygen 
:])ne^at  to  oonveit  the  potassium  into  potash^  without  decom- 
pp^iHig  a  single  atom  of  muriatic  acid. 

S^t  thei^  are  methods,  less  direct  indeed,  but  not  less  sure, 
1^  ^ming  to  a  dectstre  conclusion  on  this  point.  The  doctrit\e 
qf  d^filMU  proportions  affords  us  the  means  of  calculating  what ' 
,<pappdt  f^me  directly  under  our  hands  ;  just  as  the  astronomers 
y^guy^  mad/s  the  most  striking  discoveries  by  means  of  mathema*- 
A^  ^calculations.  You  entertain  no  doubts,  I  hope,  respecting 
•ij^  f^Uth  of  that  doctrine.  Now  I  shall  show  from  it  that  there 
are  combinations  which,  if  explained  according  to  the  hypothesis 
>of  Davy,  are  inconsistent  with  well  ascertained  chemical  propor-* 


I^Hch  are  all  the  submpriates  which  contain  water  of  combina- 
fiaa.  I  have  proved  by  a  set  of  experiments  (which  you  will 
4q4  io  tht  Annates  £le  Chimie  for  May  and  June  1812)  that 
yfbfin  41  salt  contains  combined  water,  that  water  always  exists  in 
tfffii  n  proportion  that  its  oxygen  is  always  either  equal  to  that  of 
th^lMKBi?,  or  it  is  a  multiple  or  submultiple  of  it  by  a  whole 
jyiunbfT.  For  example,  the  subsulphate  of  iron  contains  ft 
^naptity.of  water  whose  oxygen  is  equal  to  that  of  the  oxygen  in 
t^  oiude  of  iron,  which  constitutes  the  base  of  the  salt.  The 
aiib$iUpbate  of  copper  is  so. constituted  that  the  water,  the  acid^ 
and .  the  oxide,  contain  each  the  same  quantity  of  oxygen. 
^i;]xee  we  may  conceive  this  salt  to  be  composed  of  one  atom  of 
^liptf  and  three  atoms  of  hydrate  of  copper.  The  new  hypothesis 
ad|i>it$  the  existence  of  a  submuriate  of  copper.  Let  us  examine 
the  composition  of  this  salt.  We  obtain  the  salt  by  pouring 
C<m^tic  alkali  into  the  muriate  of  copper,  taking  care  not  to 
IHT^pi^te  the  whole  of  the  oxide  from  the  solution.  The  pre- 
JCqMta^  well  washed  and  dried  is  the  submuriate  of  copper.  If 
iTfS.di^lolve  it  in  nitric  acid,  and  precipitate  the  muriatic  acid  by 
Dl^a^e  of  silver,  we  obtain  a  quantity  of  muriate  of  silver, 
ipdiciaibing  12*1  parts  of  muriatic  acid  in  100  parts  of  the  sub- 
Myrkte  of  copper.  Digest  the  liquid  over  mercury  to  get  rid 
^  tjiie  superfluiQus  silver;  evaporate  to  dryness  in  a  platinum 
crucible,  and  expose  it  to  a  red  heat  till  all  the  acid  and  mercury 
^c  driven  off:  the  oxide  of  coj^r  obtained  weighs  72  parts. 
Tluis  the  acid  and  base  in  1 00  parts  of  submuriate  of  copper 
MiQUntto  84-1  parts.  The  15*9  parts  wanting  must  have  been 
<gWfiiiW)ed  water.  We  may  ascertain  the  existence  of  this. water 
by  bleating  the  submuriate  in  a  retort  p-eviously  weighed,  and 
jfuxQl^ed  Hrith  a  tube  filled  with  muriate  of  lime.  The  subsalt, 
tqg;etber  with  its  water,  loses  a  little  oxygen  gas  which  passes 
■through  the  muriate  of  lime,  leaving  the  water  behind  it.  In 
this  manner  we  obtain  from  15*7^  to  16  parts  of  water,  accord- 
'ing'as  the  submuriate  has  been  more  or  Ies&  perfectly  dried^    IC 


25B  '^n  the  Nature  of  Muriatic  Add.  {Oet. 

we  calculate  this  result,  we  fiod  that  12  parts  of  oxide  of  copper 
contain  14*37  pa^  of  oxygen,  and  that  the  quantity  of  oxygen 
in  15*9  parts  of  water  is  14*32.  Thus  it  appears  that  the  oxygen 
in  the  water,  as  in  the  subsulphate,  is  equal  to  the  oxygen  in  the 
oxide.  *^    As  we  know  that  100  parts  of  muriatic  add  are  neu- 
tralized by  147'27  parts  of  oxide  of  copper,  that  is  to  say,  that 
the  atom  of  acid  is  to  the  atom  of  oxide  as  100  :  147*^9  it 
follows  Hastf.  the  subsalt  is  composed  of  one  atom  of  acid  and  four 
atoms  of  hydrate  of  copper.     Thus  you  see  the  admirable  har- 
mony that  reigns  in  Uiese  compounds  according  to  the  old  mode 
of  explaining  their  composition. 

Let  us  now  consider  the  composition  of  thb  salt  according  to 
the  new  hypothesis.  Muriatic  acid,  according  to  this  hypothesis, 
b  a  compound  of  one  atom  of  chlorine  and  one  atom  of  hydro- 
gen.    Hence  it  follows  that  the  submuriate  contains  16  08  parte 
of  muriatic  acid  for  72  parts  of  oxide  of  copper.    The  water  in 
combination  amounts  only  to  11*92  parts :  but  as  analysis  ^es 
us  15'9,  we  must  suppose  the  3*98  of  surplus  formed  by  the 
decomposition  of  the  acid ;  the  hydrogen  of  which  forms  water 
with  part  of  the  oxygen  of  the  oxid&;  at  the  same  time  that  the 
.znetal  of  the  oxide  combines  with  the  chlorine  evolved.     In  the 
11*92  parts  of  water  admitted  by  the  new  hypothesis  there  «re 
.bnly   10-74  of  oxygen,  that  is  to  say,  ^ths  of  the  quantity  ecm- 
tained  in  the  oxide  of  copper.     Hence  the  subsalt  contains  que 
atom  of  oxide  and  f  tlis  of  an  atom  of  water ;  that  is  to  say^  tiiiat 
the  water  is  to  the  base  in  a  ratio  inconsbtent  with  the  doctrine 
of  definite  proportions,     tlence  the  explanation  given  by  the 
new  hypothesb  cannot  be  accurate.  : 

The  submuriate  of  leac}  containing  water  (that  b  {N*epared  by 
precipitation)  furnbhes jiitill  a  better  proof,  because  the.. water 
which  it  contsuns  is  more  easily  determined  by  direct  experi- 
ment ;   but  I  chose  the  submuriate  of  copper  in  preference, 
because,  if  you  think  prpper  to  examine  what  I  have  said^  you 
may  do  it  without  any  tedious  experiment ;  you  have  only*  to 
compare  what  I  have  said  respecting  the  submuriate  of  G^wcr 
with  the  analysis  of  it  published  by  Mr.  John  Davy  Lathe  rhil. 
Trans,  for  1812.  .....,..■ 

If,  on  the  other  hand,  we  examine  a  submuriate.  without 
water  of  combination,  as  the  subniuriate  of  lead  ea^posed  to  a 
red  heat,  we  shall  find  that  according  to  the  old  hypothesis  ithe 
acid  is  united  to  one  atom  of  oxide ;  while  according  to  thai  new 
hypothesb  these  submuriates  constitute  a  perfectly  new  class  of 
bodies^  composed  of  chlorine,  metal^  and  a  proportion  of  oxygen 

*  If  we  calculate  by  the  table  given  in  the  Annals  of  Pliilofopby,  toI.  it. 
p.  3%,  we  shall  find  that  the  oxygen  in  72  parts  of  peroxide  of  copper  amonnti 
to  14*4 1  and  the  oxygen  in  15*9  parts  of  water  is  14*05.  But  tiieio  chaogei 
do  imi  destroy  the  identity  obserred  by  Benelios, — T. 
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InsufHcFent  for  the  oxidation  of  that  metal.  The  new  hypothesis 
represents  the  composition  of  the  submuriates  destitute  of  water 
hy  one  atom  of  chlorine,  one  atom  of  metal,  and  three  atoms 
■of  oxidei  I  suppose  the  defenders  of  the  new  oplnioh  will 
endeavdur  to  reconcile  it  vnth  the  doctrine  of  definite  proportions, 
by  pretending  that  the  submuriates  with  water  are  composed  bf 
one  atom  of  cuprane  (for  example)  and  three  atoms  of  hydrate 
of  copper :  but  if  such  an  allegation  is  made,  we  shall  have;  a 
riglit  to  reproach  them  with  seeking  rather  to,  defend  an  liypo- 
'tfifCTis  nt  all  hazards  than  to  discover  the  truth. 

The  want  of  agreement  between  the  new  theory  and  the  doc- 
trine'of  "diifinfte  proportions  is  such,  that  I  am  surprized  it  could 
ever '^in  credit.  The  muriate,  nitrate,  and  sulphate  of  am- 
m'onia,  possess  analogous  properties,  and  are  all  classed  among 
•htrihioniiical  salts.  We  find  the  same  analogy  among  the 
'  bdittpOuAcIs  of  potash  with  the  same  acids,  and  of  course  are 
dKlKJsrtcl  to  class  them  all  among  the  salts.  But  according  to 
.^he  new  hypothesis,  a  muriate  of  potash  cannot  exist ;  and  what 
'Wafij  fbfmerly  considered  as  a  salt  contains,  notwithstanding  its 
iidrc^ '  atiiilogy  with  the  salts,  neither  an  acid,  nor  oxygen,  nor 
=evtti  potash  Itself.  The  new  hypothesis  admits  a  muriate  of 
!#nfftt!6Aia  merely  because  we  know  no  tnethod  of  obtaining  that 
JsilltTr^e'from'  water :  but  the  same  thing  holds  with  the  sulphate 
ttnd'feltfratie  of  ammonia,  and  with  almost  all  the  ammoniadal 
titflts';  -ibr  boracic  acid  and  arsenious  acid,  deprived  of  water,  are 
nW^apable  of  absorbing  the  smallest  portion  of  dry  ammoniacal 

^9.'  ■■'  ■         ■  "^         ^  ■   ^  ;  ^ 

Let  us  attend  to  the  muriate  of  iron  formed  by  exposing  iron 

'!  to  An  eiccss  of  oxymuris^tic  acid.  It  is  red,  the  colour  of  the 
bJride  passing,  as  it  were,  through  that  of  the  acid  with  which  it 
is'i^i  corrtbrDation  ;  yet  according  to  the  new  hypothesis  this  bbdy 

■  cdhfftit«i  no  oxygen.  The  compound  formed  by  the  action  of 
light  on  a  mixture  of  oxymuriatic  acid  and  oxide  of  carbon,  to 
Which  a  name  has  been  givcfri  of  unlucky  omen  for  the  science, 
*ifbrds^"a  fine  illustration  of  the  doctrine  of  chemical  proportions, 
•^cteorcfiAg  to  which  bodies  possessing  the  same  electro- chemical 
modifications  combine  in  such  proportions  that  they  contain 
equal  quantities  of  oxygen.  '^The  old  hypothesis  considers  it  as 
cbmjfiosed  of  an  atom  of  muriatic  acid  and  an  atom  of  carbonic 
acid,  and  consequently  as  analogous  to  the  fluoboracic  acid: 

*  while,  according  to  the  newhypothcsts,  it  is  composed  of  carbon 
and  of  two  electro-negative  bodies,  chlorine  and  oxygen  j  that 

'  fej'of  one  radicle  and  two  (to  use'  the  expression)'  oxygens. 

But  I  conceive  what  I  have  said  to  be  sufficient  to  enable  you 
to  judgef  which  of  the  two  hypotheses  explains  the  phenomena 

,  ^  inthe  most  plausible  and  satisfactory  manner. 


R    J 


o 


2M         An  Account  of  the  Bidder;/  Ware  m  tndia*      [€hff^ 


Article  IV. 

An  Account  of  the  Bidden/  Ware  in  India.  By  Benjumift 
Heyn^,  M.D.  Naturalist  ta  the  Hon.  East  India  Company  at 
Madras. 

The  Hindoos  have  since  time  Immemorial  not  tsitAj  excelied 
their  neighbours  in  the  management  of  metals  for  usefiil  ami' 
curious  purposes,  but  they  are  even  familiarly  acquainted  witk: 
alloys  unknown  to  our  practical  chemists.  '   / 

Among  those  in  general  use  that  hare  drawn  the  attention  iofi 
Europeans  living  in  India,  are  the  alloys  ioi  tlie  gurry,  and  die 
Biddeiy  ime. 

The  gurry  is  a  disk  of  a  cubit  and  upwards  in  diameter,  about 
half  an  inch  in  thickness  in  the  centre,  but  decreasing  tornmi' 
the  circumference,  where  it  is  scarcely  more  tlian  -^  of  an  indi»  ■ 
It  is  used  to  mark  the  divisions  of  time,  by  striking  it  with  a 
wooden  mallet.    The  sound  is  in  genersi  remarkably  clear,  fiaO^' 
and  loud,  when  it  is  properly  managed.     In  common  they  are- 
suspended  on  a  triangular  pyramid  made  of  three  bamboos  tied 
together  at  top.  Tiiey  are  used  in  all  large  cities,  at  the  cutivafa.  ' 
choultry,  at  the  houses  and  cutcheries  of  great  men,  at  the  main 
guard  of  every  battalion,  and  head-quarters  of  every  detaduneat 
of  troops.  Some  commanding  officers  have  them  even  near  their 
doors,  to  the  annoyance  of  their  visitors,  whose  ears  are  not  a^' 
blunted  and  insensible  as  their  own.     In  short,  they  are  the 
regulators  of  time  and  business  in  all  India.    The  exact  pnqpor* 
tion  of  the  compound  of  which  they  are  made  I  do  not  recol* 
lect,  but  I  believe  it  is  somewhat  variable,  as  the  gurries  are 
prized  according  to  the  place  where  they  have  been  manufiio* 
tured. 

The  Biddery  ware  is  used  particularly  for  hooker-bottoms^  and 
dishes  to  hand  betel  abo\it  to  visitors,  where  more'  precious 
metals  are  not  attainable.  It  is  of  a  black  colour,  which  never 
f^es,  and  which,  if  tarnished,  may  be  easily  restored.  To 
relieve  the  sable  hue  it  is  always  more  or  less  inlaid  with  silver. 
It  is  called  Biddery  ware  from  the  place  where  it  was  originally, 
and  I  believe  is  still  exclusively,  made ;  for  though  the  people  of  . 
Bengal  have  utensils  of  this  kind,  1  have  nowhere  seen  any  new 
ones  for  sale,  which  would  be  the  case  were  they  manubctured 
there. 

Biddery  is  a  large  city,  about  60  miles  N.W.  from  Hy- 
derabad, formerly  the  seat  of  nughty  Kings,  and  one  of  the 
largest,  or  best  places  of  the  Dekan,  belonging  to  the  Nizam.. 
It  i&  situated  on  the  c«astem  brink  of  a  table-Tand,  which  is  abont 
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100  feet  above  the  level  of  the  surrounding  country,  and  from 
S.  to  N.  six  to  eight  miles  in  its  diameter.  The  place  is  fortified, 
has  high  walls  and  extensive  outworks,  particularly  to  the  north- 
ward j  but  whether  strong,  or  otherwise,  I  am  not  competent  ta 
judgie.  I  found^em  very  badly  guarded ;  as  is  generally  the 
caise  in  the  fortified  places  belonging  to  the  native  powers  of 
India. 

As  I  bad  been  always  very  desirous  of  learning  the  composU 
tio&of  the  Biddery  ware,  and  could  get  no  information  of  it  at 
Hydendiad,  I  requested  Captain  Sydenham,  then  resident  at  that 
Court,  to  favour  me  with  a  dustuck  (order)  to  the  Governor  of 
Biddery  (wfaidi  place  I  was  to  pass  on  my  veay  to  join  the  detach- 
mcbtiat  Jouhia),  to  assist  me  in  getting  the  (jlesired  knowledge. 
I  must  observe  here,  that  it  is  not  only  extremely  difficult,  in- 
general,  for  travellers,  but  almost  impossible,  without  much 
otaDey,  to  acquire  any  information  on  a  subject  of  the  most 
iDdiffiBrent  nature,  without  the  concurrence  and  actual  support 
of.  the  head-man  of  the  place.  At  Biddery  the  jealousy  against 
t^fopesoA  of  all  dasses  is  carried  so  far,  that  none  are  allowed 
to  csDter^he  gates  of  the  city,  except  such  as  are  in  the  service 
of  the  Nizam,  and  stationed*  in  the  fort.  It  l»ppened  fortunately 
dun  tb^  chief  of  that  place  had  some  favours  to  ask  of  Captain 
Sydenhanit,  and  Mr.  Russel,  his  assistant,  whose  kind  assistance 
itvfranatodng  my  inquiries  on  this  and  all  other  occasions  I  have 
gnttefhlly  to  acknowledge  :  so  that  I  f-eccived  the  dustuck  with- 
out ttuidi  delay,  just  as  I  ascended  the  table-land.  On  pro-  <* 
ducing  itat  Biddery  some  of  the  manufacturers  were  immediately 
sent  to'ine  in  the  choultry^  under  a  guard  of  peans,  with  the 
strictest  orders  that  they  should  inform  me  of  the  whole  and 
every  part  of  their  mystery.  I  wished  to  go  to  their  houses ; 
but  as  this  had  not  been  mentioned  in  the  order,  and  as  (hey 
lived  in  the  city,  I  could  not  obtain  permission.  The  men  who 
attend^  me  complained  of  want,  in  an  employment  which  in 
former  tim^s  had  been  the  means  of  subsisting  a  numerous  class 
of'tfaeir  Own  cast,  and  of  enriching  the  place,  but  which  now 
scarcely  yielded  food  to  five  families  that  remained.  They  are 
of  the  goldsmith  cast,  which,  together  with  some  of  other  handi- 
<:rafts,is  the  lowest  of  all  sooder^s,  though  they  w^r  the  Brami- 
nical  string. 

At  their  first  visit  they  brought  nothing  but  a  lump  of  the 
coinpoand  used  for  casting  their  ware,  and  a  few  vessels  which  ' 
they  had  just  in  hand  for  inlaying  them  with  silver,  an  opeiation 
which' they  conceived  would  be  of  all  the  most  attractive  to  a 
curious  iaringa.  As  the  metal  in  this  state  was  divested  of  all 
but  Its' natural  ucolour,  I  recognized  it  immediately  a^  a  com- 
potmd  of  wbidi  the  greatest  proportion  is  tin.  It  contained  of 
this  metal  24  parts,  and  1  of  copper,  joined  by  fusion*    I  waa 


2Qi         An  Account  of  the  Biddery  Ware  in  India^      [Ocr, 

herein  jiot  a  littie  disappointed,  as  I  had  always  understood  that 
it  was  made  of  a  metallic  substance  found  on  the  table-bind  <if 
Biddery,  and  wliich,  as  1  never  had  made  any  experiment  with  a 
view  of  discovering  its  composition,  I  flattered  myself  might  b<; 
a  new  mineral.  In  coming  along  I  really  had  found  also  H 
Jlitbamaga,  which  resembled  the  common  Biddery  ware  io 
colour  and  appearance  ;  and  it  was  probably  this  that  had  givea 
rise  to  the  account  which  former  travellers  h^d  given  of  that 
substance^  as  the  mineral  used  for  the  ware  manufactured  at  that 
place. 

The  business  of  their  second  visit  was  to  cast^  or  to  makt^, 
before  me  a  vessel  of  their  ware.  The  apparatus  which  tlu^ 
brought  with  them  on  the  occasion  consisted  of  a  biabketr 
cutchery-pot,  to  serve  as  a  furnace ;  a  piece  of  bamboo  about  a 
foot  long  as  a  bellows,  or  blow-pipe;  a  form  made  of  cl^ji 
exactly  resembling  a  common  hooker-bottom';  and  sopie  kax, 
Fhich  probably  had  been  used  by  several  generations  ktr  die 
purpose  for  which  it  is  yet  employed.  --: 

The  first  operation  was  to  cover  the  form  with  wa^c  on  all 

^ sides,  which  was  done  by  winding  a  band,  into  whicb  the  wfls 

was  reduced  as  close  as  possible  round  it.    A  thin  coat  of  cUy 

was  then  laid  over  the  wax,  and,  to  fasten  the  outer  to  the  inner 

clay  form,  some  iron  pins  were  driven  through  it  in  vajious 

"-directions.     After  this  had  been  dried  foi"  some  time  in  the^^in, 

the  wax  was  liquefied  by  putting  the  form  in  a  place  suffiqienfly 

heated,  and  ^Jischarged  through  the  holfe,  by  ^hrch  the  'melted 

^  metal*  is  poured  in  to  occupy  its  place.    It  fe  scarcely  nrecessdty 

to  say  irtiat  when  the  metal  is  sufficiently  cooled  the  fdmi' is 

broken,  and  the  vessel  found  of  the  desired  shape. 

Colouring  the  ware  wiith  the  standing  iJiack,  for  which  they 
are  celebrated,  is  the  next,  and  in  my  opinion  the  most  remark- 
able operation.     It  consists  in  taking  equal  parts  of  muriate  o( 
ammonia  and  saltpetre  earth,  such  as  is  found  at  the  bottom, of 
•old  mud  walfe  in  pW-and  populotis  vliliiges  in  Intliaj  mixing  thAn 
together  with  \\'ater,  and  rtibUinfr  ttie  paste  which  is  thus  pro- 
duced on  the  vessel,  which  has  heex^  previously  scrnped  with  a 
knife.    The  change  of  colour  is  almost  instantaneous,  and,  what 
is  stifprisFng  to  me,  lastiiig,     ■     "       '      ■ 
:,      The  saltpetre  eartli  of  this  phbce  has,  when  dry,  a  reddish 
colour,  like  the  soil  :about  Biddery^    It  is  very  likely  that  the 
carbonate,    or  oxide  of  iton^^whfch  it  contains,  is  essentiaHy 
necessary  for  the  production  of  tlie  blaqk. dolour.    The  jnurtate 
and  nitrate  of  litne,  which Js  in  cpnsiflerable  proportion  iii -all 
earth  from  which  saltpetre  is  manufactured  in  India^  may  be 
.  perhaps  not. an  useless  ingredient  in  this  respects       ' 
.^:VTbe:houlgar4)ott!C»Ba  Af/>this.:trape:bapped  sopoetime^  to  get 
tarnishedi  acquiring  a  brownish,  or  shillering  colour^  which  i^ 
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eaiilf  rancid,  asd  the  black  restored^  by  rubbing  the  whole 
siu^uce  with  a  little  oil  or  butter. 

•   As -nothing  looks  handsome  in  the  eyes  of  an  Indian  but  wKdt 
is  ^Uttering  with  gold  or  silver^  it  may  be  imagined  that  their 
hooker  and  betel  dishes>  which  are  chiefly  used  on  festive  occa*- 
^ionsy.  are  not  left  destitute  of  these  dmaments;  they  are  chiefly 
decorated  with  silver^  in  the  form  of  festoons,  fiii|cifui  flowerSi 
and  kave&     Sometimes  I  have  seen  a  little  gold  interspersed. 
'  irl'be:way  of  inlaying  them  is  very  simple;  but  of  ooofsd  as 
tedious  as  can  well  be  imagined,  and  could  be  only  practised 
where  time  is  of  little  value*    The  parts  of  the  projected  figure 
«re  first  cut  out  in  silver  leaf,  which  are  placed  in  a  piece  of 
bfoken  earthenware  before  the  artist,  who  cuts  with  a  pointed 
joatminent  the  same  figure  on  the  vessel,  applies  the  silver  leaf^ 
pkce  after  pieoe,>  amd  gently  hammers  it  into  its  place. 
<(  The^greatest  skill  cnnsists  in  tracing  the  pieces  of  the  fipuie 
)0B  tbe  vessel  exactly  of  the  same  size  as  they  are  in  the  i^ilvtr 
leaf,  and  in  this  I  have  nei;<er  seen  they  are  mistaken. 
:     They  do  their  work  very  expeditiously,  and  will  make  any 
Jguf0  on  copper  with  the  greatest  nicety,   according  to  tfai«» 
ifde  which  is  laid  before  them. 


..  "Norpi. — Mr.  Wilkins  informed  Dr.  Heyn4  that  the  Biddei|r 
jinai^e.  Is  likewise  manufactured  in  Benares,  and  he  thinks  thut 
,a^i)f^j8  used  as  an  alloy  in  that  part  tof  India.  I  examined  a 
pi^ce  (^a  metal  statue  which. Mr.  Wilkins  considered  as  Biddert 
ijf^re :  it  was  zinc  alloyed  with  a  very  Uttle  copper.— -T* 
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CotUrHuikns  towiards  a  Chemical  Knowledge  of  Manganese. 
T     , ,  .By  Dr.  John. 

Action  of  Oxymuriatic  Add  on  Sulphate  of  Manganese. 

:  WflBN  aiymuriatic  acid  gas^  (I  allowed  the  gas,  that  it  might 

.be  pure,  to  pass  in  the: first  pboe through  a  ve^y  we&k  alkaline 

,' solution,)  .is  made  to  pass  for ''some*  hours  through  a  solution  of 

thiawlt,!  ft  is  partly  precipitated,  and.  the  precipitate  becomes 

^stiltgreater  when  the  liquid  is  heated.    A  dark  brown  or  bhick 

Oxide  separates,,  and  the  solution,  contains  uneombined  acid. 

When  the  solulioo  is  so  far  evaporated  that  it  congeals  on 
coolings  the  igreatest  p4irt  of  the  blade  09C|de  is  again  djosolved. 
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If  the  dry  mass  be  dissoWed  in  water,  and  filtered  to  aepamte  a 
small  portion  of  undissolved  black  oxide,  the  liquid,  when  piKh' 
perly  concentrated,  deposites  reddish  crystals  consisting  of  tal« 
phaie  and  muriate  of  manganese.  If  the  whole  mass  be  digested 
in  alcohol,  and  the  filtered  solution  he  evaporated,  small  crystili 
are  obtained,  which  readily  deliquesce  in  the  open  air,  and 
wlicby  when  dissolved  in  water,  yield  a  copious  precipitate  with 
nitrate  of  silver.  Hence  they  obviously  consist  of  muriate  of 
manganese.  The  mother-ley  from  which  these  crystals  hitve 
separated  is  very  acid,  but  neitlier  crystallizes  nor  yields  any- 

Erecipitate  when  treated  with  nitrate  of  silver ;  but  muriate  Of 
arytes  occasions  a  precipitate  insoluble  in  a<iids.     Hence  th9 
uncombined  acid  is  obviously  the  sulphuric. 

The  theory  of  these  appearances  is  obvious.  The  oxymurintic 
acid  gives  out  oxygen  to  the  protoxide  contained  in  the  sulphate 
of  manganese,  which  become^  in.  consequence  insoluble,  and 
falls  down  in  the  state  of  black  oxide.  This  portion  b  agaia 
dfssolved  by  the  muriatic  acid,  and  forms  muriate  of  aoanganeK^ 
which  is  not  decomposed  by  sulphuric  acid* 

triple  Ctmtpoimd  of  Manganese^   Ammonia^    and  Stdpkuric 

Acid* 

If  we  mix  a  solution  of  sulphate  of  manganese  (not  fiUIy 
saturated  With'  tlie  oxide)  with  atnxhonia  td  the  point  of  coit^plete 
yaturatfpn,  and  evaporate  i\\t  filtered  solution  according  to  die 
method  above  described,  we  obtain  rose-red,  tratisparent,  rhotti- 
boidal  crystals,  very  much  entangled  in  each  other.  They  deli- 
quesce in  a  moist  atmosphere,  and  when  treated  with  p6tash  giv^ 
out  ammpnia,  but  in  other  respects  exhibit  the  properties  of 
sulphate  of  manganese.  Hence  it  follows  that  they  consist  of 
ammonia,  sulphuric  acid,  and  protoxide  of  manganese.  I  have 
not  determined  the  proportion  of  the  constituents  of  this  salt. 

c.  With  black  Oxide. 

Tlie  peroxide  reduced  to  th6  state  of  an  impalpable  powder  ia 
likewise  dissolved  by  sulphuric  acid  without  the  application  of 
heat.  The  solution,  in  whifch  there  is  always  an  excess  of  acid, 
has  a  very  fine  dark  violet-blue  colour.  When  it  is  diluted  with 
water  the  colour  becomes  lighter,  abd  passes  gradually  into  . 
crimson-red^  and  thence  into  blood-red.  The  solution  is  not 
altered  h^  moderate  evaporation.  When  a  strong  heat  is  applied 
the  solution  becomes  colourless,  the  oxide  loses  a  portion  of  ila 
oxygen,  and  the  whole  assumes  the  properties  of  a  solution  frf 
common  sulphate  oi  manganese  with  an  excess  of  acid. 

Tartaric  acid  likewise  change5 ,  the  peroxide  ipto  protoxide 
when  it  is  mij^ed  with.the.9Plution,  .and  a  modoite  degree  of'  ^ 
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Ittflt  b  aflpiiifed.  "TH^  liquid  becomes  quite  colourless  without 
any  preerpttatkm  Ukrug  place ;  and  when  an  alkali  is-  added,  a 
preeipitate  iklls  in  the  3tate  of  a  white  powdef. 

The  solution  of  black  oxide  is  precipitated  by  thtf  pure  alkaliesar 
dark  brown;  by  alkaline  cttibdnaf^^  dadc  radish  brown;  and 
by  the  prufssiattes^  yellowish  brown.  These  precipitates  becomd' 
ourkeir  when  exposed  to  the  air.  The  precipitate  thrown  dowa 
by  the  alkaline  carbonates  contains  no  carbonic  acid. 
^  ?he  solution  of  black  oxide  in  sulphuric  acid  is  incapable  of 
drystalliEing. 

:= Whei^  the  Wack  oxide  of  manganese  is  digested  for  some  faoura 
in  diluted  Milphurie  aeid,  an  amethyst-red  solution  is  Obtained^ 
in  which  there  is  an  excess  Of  acid.  It  cannot  be  made  to  j^eld 
rfigiiklr  cfrystals.  AlkaKes  occasion  a  brownish  red  precipitate 
ix^ieft  mixed  with  this  solution;  a  proof  that  the  manganese. 
MRained  in  it  is  hi  a  higher  degree  of  oxidation  than  in  thtii 
nentMt  solatloh. 

•  SOflfe^  teify  int^it^Crng  experiments  T^hieh  Giohert  made  known 
in  the  y^f  \^^0  on  tins  subject  in  xhtMemoires  des  Sciences de 
Turin,  t.  5,  An.  1790  et  1/91,  p.  23—35,  and  which  he  pt€f^'' 
dnced  as  a  proof  that  sulphuric  acid  treated  with  black  oxide  i^ 
manganese  attracted  a  portion  of  oxygen  from  the  oxide,  and  by 
that  means  is  converted  into  oxysulphuric  acid,  dissolving  a  por- 
tion c^  dxide,  and  by  that  means  acquiring  properties  similar  to 
oxymuriali€  acid;  as  far  as  the  destruction  of  colours  is  con- 
cerncd-^these  experiments  I  have  not  repeated  with  the  requisite 
care. 

4f  we  mii  One  part  of  pure  black  oxide  with  l^-  parts  of  con* 
c^ntfited  sulphoric  acid  in  a  coated  retort  connected  with  a 
pBeumatie  apparatus,  it  is  well  known  that  by  the  application  of 
a  heat,  at  first  gentle,  but  gradually  raised  to  redness,  we  obtain 
pure  oxygen  gas.  In  this  case  it  is  very  evident  that  the  affinity 
of  the  protoxide  for  the  acid  facilitates  the  evolution  of  the 
oxygen  gas.  When  the  black  oxide  is  heated  by  itself  we  obtain 
alio,  its  iu  the  present  case,  only  pure  oxygen  gas.  In  this  case 
also  thie  n^etal  is  reduced  to  the  state  of  protoxide,  in  wbichstate 
it  is  completely  soluble  in  acids. 

Water  passes  over  into  the  receiver  mixed  with  some  sulphuric 
acid;  and  th^re  remains  in  the  retort,  when  the  red  heat  haa 
bel^n  continued  for  an  hour,  a  white  pOrous  mass,  which  dissolves 
ift-Wfatrt  by  the  assistance  of  heat.  This  solution  exhibits  the 
saa&e  propeftics  as  that  of  metallic  manganese  in  sulphuric  acid. 
I  tev*  never  been  able  to  obtain  (as  some  chemists  assert) 
colourless  crystals  by  evaporating  this  isolution.  Single  crystal!, 
indc'edy  may  appear  nearly  colourless ;  but  when  they  are  in. 
|T0lip5  they  appear  evidently  of  a  light  rose-red  colour.  Perhapl 
the  mass  found  in  the  retort,  which  has  quite  a  white  colout^ 
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kas  given  origin  to  this  assertion.  This  is  a  pretty  good  method 
of  separating  the  iron  usually  combined  with,  manganese  ia  its 
natural  state;  for  sulphate  of  iron^  when  exposed  to  a  red  heat^ 
becomes  insoluble  in  water. 

8uch  is  the  action  of  sulphuric  acid  when  the  fire  is  raised 
only  high  enough  to  redden  the  retort ;  but  ouite  other  affinities 
t^ke  place  when  the  heat  is  urged  so  as  to  melt  the  coated  retoet. 
In  that  case  the  salt  is  decomposed,  the  protoxide  takes  a  portioB 
of  oxygen  from  the  acid,  and  is  changed  into  black  oxide^  wliBe 
the  acid  make  its  escape  in  the  state  of  sulphurqus  acid.c  I 
repeated  this  experiment  twice,  and  each  time  obtained  in  the 
beak  of  the  retort  a  portion  of  solid  sulphuric  acid,  which  dis- 
solved in  water  with  the  evolution  of  the  heat,  and  the  hissing 
noise  for  which  it  is  distinguished. ,  .We  ,shal^see  hereafter  that 
when  oxymuriatic  acid  is  passed  through  a  solution  of  muriate  of 
manganese  it  is  very  much  disposed  to  crystallize.  Can  the  metal 
give  occasion  to  this  crystallization  ?  And  supposing  this  conjec- 
ture to  be  verified^  can  ;we  from  thence  draw  any  conclusions 
respecting  the  still  enigmatical  appearance  of  a  fummg  matter, 
in  oil  of  vitriol? 
•-  '  ■  "         ^       . 

VI.  Action  of  Sulphurous  Acid  on  Manganese. 

Hitherto  I  have  only  examined  the  action  of  sulphurous  acid 
on  carbonate  of  manganese.  I  made  a  current  of  pure  sulphurous 
acid  -gas  pass  through  a  vessel  containing  distilled  water,  and 
thence  into  another  vessel  in  which  there  was  carbonate  of  man- 
ganese mixed  with  water.  A  strong  eflFervescence  took  place, 
owing  to  the  disengagement  of  carbonic  acid.  When  the  expe- 
.riment  was  finished  1  separated  the  solution  smelling  strongly  of 
sulphurous  acid  from  a  white  granular  powder  lying  in  the  bottom 
of  the  vessel^  which^  as  I  shall  show  presently,  was  sulphite  of 
jpanganese. 

•  The  filtrated  solution  being  evaporated,  the  sulphurous  acid 
was  gradually  converted  into  sulphuric  acid,  and  the  solution 
exhibited  tlie  properties  of  sulphate  of  manganese  with  an  excm 
of  acid* 

Properties  of  Sulphite  of  Manganese. 

/  It  appeared  in  the  state  of  a  white,  granular  powder,  destitute 

'  of  taste,  and  insoluble  in  w^atcr  and  alcohol, 

'  It  is  not  altered  by  exposure  to  the  ^ir,  and  therefore  may  be 

examined  without  difficulty,    I  left  a  portion  of  this'  salt  for 

three  weeks  in  a  small  open  vessel  in  a  room :  but  it  did  not 

undergo  the  smallest  alteration. 

^^'Srulphuric,  muriatic,  and  nitric  acids,  drive  off  the  sulphuroua 
iftHA  «irh^  th^  salt  is  exposed  to  their  actuyn,  and  we  obtaio.sul* 
pt^te^  ^priat^, ,  or  nitrate  pf  man^n^^e. 
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Wlieh  heated  ib  a  crucible,  the  acid  is  disengagedi  and  n 
bfown  OKide  remains,  which  knay  be  treated  with  acids  without 
emitting  any  smell  of  sulphurous  acid. 

To  determine  in  some  measure  the  proportion  of  the  con^ 
tpents  of  ti)is  salt  I  treated  50  grains  of  it  with  very  diluted 
^Iphtirrc  acid,  and  when  all  the  sulphurous  acid  was  sepiH 
j^ted,  mixed  the  liquid  with  more  water,  and  precipitated  tbe 
inanganese  by  carbonate  of  potash.  The  carbonate  of  nianganese 
obtained  weighed,  aft^r  being  washed  and  dried,  36  gcainsp 
iwhich  is  equivalent  to  20^-^  grains  of  protoxide.  Hence  lOQ 
pjU'ts  of  i^ulphite  of  manganese  are  composed  of 

Protoxide 40*2 

Acid    7  -o  ^ 

WaterJ:---- \ ^^'^ 

100-0 

VII.  Action  of  Muriatic  Add  en  Manganese^ 

(A.)  On  the  Metal. 

The  metal  is  readily  dissolved  by  muriatic  acid  of  every  degree 
of  concentration  with  the  evolution  of  hydrogen  gas,  and,  when 
'the  acid  is  not  too  much  diluted,  with  the  production  of  consi-< 
i'derable  heat. 

The  solution  when  concentrated  has  a  colour  ^pprpachipg 
jpse-fed,  and  deposites  crystals  of  a  similar  colour* 


<.. ,  i 


(B.)   On  the  Protoxide.   , 

The  pure  protoxide  dissolves  in  this  acid  quietly,  and  iStm 
.  carhouate  with  a  strpng  effervescence.  The  solution  has  a  lose^ 
red  colour. 

Chemists  have  hitherto  affirmed  that  this  salt  cannot  ^be 
Jrociifed  m  the  state  of  regular  crystals.  I  have,  however, 
'been  able  to  procure  it  in  as  regular  crystals  as  any  salt  what^ 
eveV.  '  My  itiethod  was  this  :  I  procdred  a  quantity  of  concrete 
salt  by  evaporating  to  dryness  a  solution  of  n)anganese  in  mu- 
riatic acid.  This  I  put  into  a  solution,  quite  neutral,  and 
^already  evaporated  in, a  cylindrical  porcelain  vessel  till  a  cuticle 
had  formed  on  its  surface-  The  vessel  was  placed  for  some  days, 
as  \  have  described  in  a  preceding  paragraph,  in  a  temperature 
between  77°  an4  «a^  •       '  . 

Properties  of  crystallized  Muriate  of  Manganese. 

'-    It  crystallizes  in  very  fine,  longish,  thick  four-sided  tables, 
both  extremities  of  which  are  pointed  with  two  pkiins,  ^itb^ 
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edges  are  frequently  truncated.     Sometimes  the  truncature  i&  so, 
great  as  to  change  the  crystals  into  six-sided  tables.    They  are 
set  upon  one  another. 

They  have  a  rose-red  colour,  are  perfectly  transparent,  and 
have  a  caustic  taste,  which  leaves  a  sahish  impression  upon  the 
tongue. 

They  speedily  deliquesce  in  the  air.    They  may  be  very  wcl! 
preserved  in  a  close  vessel  at  the  temperature  of  77^  5  but  when 
the  temperature  is  a  little  higher  they  lose  their  tran^rency, 
and  become  covered  over  with  a  white  powder,  owing  to  the  lo$t '. 
of  a  part  of  their  water  of  crystallization;  yet  they  do  not  fall: 
completely  to  powder.     When  strongly  heated  In  a  retoit  they.« 
melt  immediately,  and  lose  their  water  of  crystallization ;  and 
in  a  red  heat  they  are  in  a  great  measure  decomposed,  the  acid 
passes  over  into  the  receiver,  and  there  remains  in  the  retort  a 
black  shining  crystalline  mass,  which  still  ctxitains  some  acid* 

Not  only  water,  but  alcohol  also  dissolves  more  than  its  own 
weight  of  this  salt.  The  alcoholic  solution  bums,  when  in  con- 
tact with  a  combustible  substance,  with  a  lively  red  flame,  and 
emits  frequent  sparks.  When  the  alcoholic  solution  is  slowly 
evaporated  the  salt  crystallizes  in  very  fine,  thin,  transparent 
tables,  and  sometimes,  witen  the  evaporation  is  rapid^  in  very 
fine  flat  needles. 

The  specific  gravity  of  the  crystals  is  1*560,  that  of  w*ater 
being  1-000. 

In  other  respects  the  solution  of  these  crystals  exhibits  the  . 
properties  of  the  solution  of  sulphate  of  manganese. 

Sulphuric  acid  does  not  decompose  the  solution  of  muriate  of 
manganese. 

Estimate  of  the  Proportions  of  the  Comtituents. 

A  hundred  grains  of  dry  crystallized  muriate  of  manganese 
were  dissolved  in  water,  and  mixed  with  a  solution  of  nitrate  of 
Sliver  as  long  as  any  precipitate  foil.  This  precipitate  being 
separated  by  the  filter,  washed  and  dried,  and  heated  to  the*  < 
point  of  fusion  in  a  silver  vessel,  weighed,  130  grains.  Now  it 
follows  from  Klaproth's  experiments  that  iSS  grains  of  such  a 
horn  silver  contain  20i  grains  of  muriatic  acid.  Hence  die 
proportion  of  acid  in  ISO  grains  may  be  estimated  at  20l^- 
grains. 

After  the  separation  of  the  excess  of  silver  I  precipitated  the 
whole  of  the  manganese  by  means  of  carbonate  of  ammonia, 
warmed  the  solution  a  little,  and  carefully  dried  the  precipitate. 
It  weighed  6S^  grains,  which  is  equivalent  to  38^  grams  of  prot- 
oxi!de.of  pianganeset 

As  tEe  loss  in  the  100  grains  of  muriate  of  manganese 


1813]         o,  Chemical  Knowledge  of  Manganese »  S^ 

efcnmined  must  be  ascribed  to  water^  it  follows  that  the  salt  i« 
composed  of 

^  Protoxide • . .  •  •  38-50 

"  Acid  . .  .^ 20*Qi 

Water 41-46 

100-00 

-  » 

Remark. — This  analysis  corresponds  very  nearly  with  that  of 
JSucholz  given  in  the  second  volume  of  his  Beitrage  :  but  the 
method  which  he  followed  can  only  be  practised  by  a  chemist 
whose  eyes  are  very  much  exercised. 

Action  of  Oxymwriatic  Acid  on  Muriate  of  Manganese, 

I  dissolved  300  grains  of  muriate  of  manganese  in  about  12 
ounces  of  water,  and  made  a  current  of  oxymuriatic  acid  pass 
dirougli  the  solution  for  six  hours  without  interruption.  The 
liquid  began  soon  to  froth,  and  the  foam  collected  upon  the 
surface ;  it  acquired  a  yellow  colour,  and  concreted  into  a  crys- 
talline mass.  This  change  of  state  made  it  difficult  for  th;  gas 
to  continue  to  pass.  I  allowed  the  apparatus  to  ^remain  for  a  day 
without  touching  it,  and  found  next  day  that  a  part  of  the  mass 
had  again  become  liquid,  but  that  a  great  many  long  needle- 
form  crystals  had  shot  in  it.  When  the  glass  was  opened  the 
tsmell  of  oxymuriatic  acid  gas  was  so  strong  as  to  be  scarcely 
supportable.  I  threw  the  whole  upon  the  filter,  in  order  to 
separate  the  crystals  from  the  liquid;  but  the  liquid  passed 
through,  and  the  crystals  speedily  deliquesced  and  followed  it.* 
It  will  appear  from  what  follows  that  these  crystals  consisted  of 
oxymuriatic  acid  and  muriate  of  manganese.  Here  we  observe 
the  crystallization  of  th<e  acid  in  combination  with  a  metal.  Nor 
have  I  found  the  same  thing  to  take  place  when  oxymuriatic  acid 
is  passed  through  an  alkaline  solution;  and  I  do  not  believe  that 
any  person  has  observed  oxymuriatic  acid  to  crystallize  at  the 
t^mperatuve  of  41°. 

This  solution  is  precipitated,  by  alkaline  carbonatcfs,  brownish 
red ;  by  the  pure  alkalies,  brown ;  and  by  the  alkaline  prussiates, 
yellowish  Iwrown.  The  precipitate  soon  becomes  darker  by  expo- 
jiure  to  the  air.  Tl>e  same  thing  happens  to  the  above-mentioned 
crystals  when  dissolved  in  water.  Whether  in  this  compoimd 
the  manganese  be  really  in  the  state  of  brown  oxide,  in  which 
^tate  the  precipitate  aj>pears,  or  whether  it  does  not  receive 
oxygen  during  its  precipitation  from  the  uncombined  oxymuriatic 

•  The  temperature  during  tlie  experiment  wai  41%  the  filtration  wa«  p^- 
formed  at  the  temi^ratore  of  55''.-' J«  -      -    . 

1 
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acid,  obviously  present  in  the  liquid  from  the  smell,  arc  questfofis 
utrhich  I  cannot  at  present  answer.  However,  the  last  opinion  b 
very  probable. 

When  the  solution  is  evaporated  the  smell  of  oxymuriatic  acid 
gradually  disappears,  and  at  the  same  time  black  oxide  is  depo- 
sited. The  solution  assumes  a  red  colour,  contains  uncomblned 
muriatic  acid,  as  is  shown  by  re-agents,  is  precipitated  white  by 
the  alkaline  carbonates,  and  exhibits  the  properties  of  a  common 
solution  of  muriate  of  manganese  with  excess  of  acid.  The 
oxymuriatic  acid  is  decomposed,  it  gives  out  a  portion  of  oxygen 
to  the  oxide,  and  is  changed  into  common  muriatic  acid.  By 
farther  evaporation  the  evolution  of  oxymuriatic  acid  again  Gdiif- 
mcnces,  the  precipitated  oxide  is  again  dissolved,  and  we  obttiin 
finally  the  very  same  quantity  of  muriate  of  manganese  at  first 
employed.  /  . 

To  these  experiments  I  will  add  a  few  words  respecting' H  »W 
metal  which  I  have  found  in  the  Saxon  grey  ore  of  matigao^^ 
the  nature  of  which  I  hope  soon  to  make  evident.  '^ 

Tilts  substance  is  distinguished  from  all  bodies  hitherto  kfioi^ 
by  the  following  properties  :  .      ? 

It  appears  to  occur  in  the  ore  in  the-  state  of  an  acid,  jind  it 
may  be  se|)arated  and  volatilized  by  the  action  of  other  mitieval 
acids  upon  the  ore.  If  the  operation  be  performed  in  a  destining 
vessel,  and  an  q^portunity  be  given  to  the  disengaged  acid-to 
combine  with  potash  or  soda  ley,  a  combination  takes  place^vimd 
a  crimson-red  solution  is  obtained,  which  is  not  altered  by 
exposure  to  the  air,  being  in  this  respect  simitar  to  8onr>e  'of  the 
alkaline  solutions  of  manganese.  If  this  solution  be  mixed  with 
another  acid,'  and  heat  applied  in  a  retort,  the  metalKc  beid^is 
.volatHized  with  a  peculiar  smelly  and  the  residue  consists/o#  a 
combination  of  the  acid  employed  with  the  alkali,  mthdut  the 
smallest  indication  of  any  odier  substance^  as  far  as  I  havebeen 
able  to  discover.  '  ri 

The  crimson-red  solution  (which  I  consider  as  a  combirfBtion 
of  a  peculiar  metallic  acid  with  an  alkali)  is  precipitated^ *l>y 
gallic  acid  and  by  tincture  of  nutgalls  chtenut  brown.     ^     .  ' 

Alkaline  prussiates  produce  no  precipitate,  but  theredadour 
of  the  solution  is  immediately  changed  to  a  fine  lenvow  pellwif. 
The  solution  is  not  altered  by  the  alkaline  carbonates.     <  •:  =o^ 

When  mixed  with  some  alcohol,  and  heated  a  little,  it  dnomet 
a  green  colour,  gives  out  an  ethereal  smell,  and  alkalies  pretiipi- 
tate  from  it  a  brown  oxide,  which  is  soluble  in  muriatic  aeid« 

When  I  treated  pure  oxide  of  manganese  in  the  same  way  I 
obtained  none,  of  these  appearances. 

Thill  substflace  seems  to  exist  only  in  a  small  proportion  in  (tie 
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^ey  ore  of  maDgan^ae.    The  experiments  must  be  made  upoa 
pounds  of  tbe-t>re  at  once. 


Remarks  on  the  preceding  Paper,    By  tlie  Editor, 

I  considered  the  preceding  paper  as  highly  worthy  of  publica* 
tion*  because  it  contains  many  circumstances  respecting  manga-* 
nese  with  which  chemists  ought  to  be  acquainted,  but  which  do 
not  seem  to  be  geujsraUy  known  ia  this  country.  At  the  same 
time  the  paper  cKhibits  some  striking  imperfections,  which  it 
may  be  proper  to  notice  for  the  sake  of  our  chemical  readers 
who  may  not  have  an  opportunity  of  knowing  exactly  the  present 
state  of  this  part  of  chemical  science. 

1.  Dr.  John's  method  of  procuring  pure  oxide  of  manganese 
is  exceptionable.    How  he  was  able  to  succeed  by  means  of  it  we 
cannot  say;  but  certainly  no  other  person  has  been  able  to  verily 
-kb  results.     We  shall  insert' a  paper  on  the  subject  by  Bueholzp 
-^hicfa  will  convince  our  readers  of  the  truth  of  our  remarks. 
With  respect  to  the  separation  of  iron  and  manganese  there  are 
-four  methods  of  proceeding,-  all  of  which  succeed  tolerably  well. 
I.  Gehlen*s  method  is  the  best.  It  consists  in  dropping  succinate 
,-of  potash  or  succinate  of  ammonia  into  the  impure  manganese 
•folution,  previously  brought  as  near  as  possible  to  a  state  of 
.  neutralization.     The  whole  iron  falls  in  the  state  of  succinate, 
while  the  manganese  remains  intsolution.    The  objection  to  this 
method  is  the  high  price  of  succinic  acid,  which  Gehlen  endea- 

•  TOurs  to  obviate  by  saying  that  the  succinic  acid  maybe  rcco- 
■'  rered  by  boiling  the  precipitated  succinate  of  iron  in  an  alkaline 

ley ;  but  every  practical  cnemiat  must  be  aware  that  such  a  pro- 
■■  -posal  is  quite  absurd.  -  The  time  lost,  and  the  great  .tr6uf»le, 
.  would  be  more  than  equivalent  to  the  price  of  the  succinic  acid. 

•  2.  Bemlius^  in  order  to  obviate  this  objection,  substituted 
ijenaoic  acid  for  succinic.  It  appears  from  the  experiments  of 
Hisinger  {AJhandlingar  ifysik^  Kemi  och  Minerahgi,*  t,  j,'  p. 

>  162,)  that  this  method  answers  pretty  well.     3.  The  impure 
oxide  of  manganese  maybe  dissolved,  in  sulphuric  acid,  the  solu 
tion  evaporated  to  dryness,  and  exposed  to  a  ^red  heat.    The 

.  sulphate  of  iron  is  decomposed  by  this  process }  but  the  sulphate 

'.of  manganese  remains  unaltered.  Hence  the  latter  cohtiiiiies 
soluble  in  water ;  but  not  the  former.    This  process  was  pro- 

\  posed  by  Dr.  John  in  the 'preceding  paper.  4.  The  *itopure 
manganese  may  be  dissolved  in  muriatic  acid,  the  solution  cva^ 
porated  to  dryness,  and  exposed  to  .a  red  heat  in  close  vessels. 
The  ferrane  sublimes,  while  the  manganesane  remains  unaltered. 
This  process  may  be  repeated  two  or  three  times,  atid  theft  the 
oxide  of  manganese  will  Ec  ftttd'irom  iron.    This  process  was 
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proposed  by  Mr*  Jolm  Dai^.  1 4o  not  kooi^  whether  k  h^s  ever 
been  put  in  practice. 

2.  The  preceding  paper  contains  only  a  part  of  t)r.  John's 
experiments  on  manganese.  We  shall  publish'  the  sequel*  of  hin 
experiments  in  our  next  Number.  The  resiHts  which  he  obtained 
in  his  endeavours  to  determine  the  number  and  composition  of 
the  oxides  of  manganese  will  be  there  seen.  He  obtained  thMf 
QsideSy  the  colours  and  composition  of  which  were  as  fbllowv  f 

1.  Green,  composed  of  100  metal  rf  15  oxygen. 

2.  Brown,    100 +25 

S.  Black, 100 +40 

Berzelius  has  given  us  the  result  of  his  experiments  on  tfaf 
Qxidesof  manganese  {Larbok  i  Kemien,  t.  ii.  p.  129).  Ac- 
cording to  him  there  are  five  oxides  of  manganese.  He  obtained 
the  first  by  keeping  manganese  for  two  years  in  a  yeiy  wd^ 
corked  glass.  Jt  fell  down  into  a  brownish  grey  powder,  wbioli 
filled  the  whole  of  the  phial.  It  was  semicrystalline,  and  had 
the  metalline  lustre.  He  found  it  cpmposed  of  100  metal  aD4 
7*0266  oxygen.  He  deduces  the  composition  of  the  other 
oxides  of  manganese,  partly  from  his  own  experiments^  an^ 
pirtly  from  tho$e  of  other  chemists,  as  follows  : — 

Metal.  Metal.  Oz^rfen. ' 

1.  <^mposedof  100  +     7*0266  oxygen,  or  I  +   1 

2 100  +140533    1  +   2 

3 100  +  28-1070    1  +   4 

4 100  +  42-16        1  +   6 

5 100  +  56-213      1  +   8 

Sir  Humphry  Davy  has  ^ven  us  the  result  of  his  expcrimeDtp^ 
on  the  oxides  of  manganese.  He  obtained  two  oxides ;  the  first 
dark  'Olive,  the  second  brownish  black.  He  found  their  com- 
position -as  'follows  {Elements  of  Chemical  Philosophy^  vol.  L 
p.  867)  :~ 

Metal. 

1.  Olitc  ......  100  +  26-68  oxygen 

2.  &own 100  +  39-82 

It  is  hardly  necessary  to  mention  the  experiments  of  Bei|gawp, 
as  they  were  made  at  a  time  when  accuracy  could  ^qarcely  b^ 
expected.  He  oblained  three  oxides,  which  he  found  cofnpo^ 
as  follows :— - 

Metal. 

l^  Ck>inposed  of  100  +  25    oxygen 

2 100  +  35 

.^ 100  +  QQ'G 
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.  By  arraDglhg  the  proportion  of  oxygen  obtained  hy  the  ^iffcjr. 
rent  experimenters,  as  in  the  following  table^  we  may  readily. 
i^Qoipare  them  together : — 

^  Oxygen- by    - 

Qjiides.         ..  ,  John.  Berzelius.  Davy.  Bergman* 

■• .  1,,« .  #  * .%  ^,  •  •'  •  •  •«  I—  ••••••  /  '02ow  ••••••  •—— — « •  •  •  *  ♦""" 

2..  . .  • ,15 14-0533 .. — 

3. 25 28-107  26-58 25 

4.  .  • .  : . ....  .40 42-16   ..... .39-82  ..... .35 

5 — 56-213  -^ J. 66-6 

All  the  experimenters  agree  very  nearly  in  the  compositiot^  of 
'  the.'tfiird  OiSae.  Nor  is  the  difference  very  great  in  the  cbrhpb- 
sjtion  of  the. fourth.  It  isclear,  from' the  experiments  of  Jonn, 
that^ffs  >^th  the  green  oxide,  or  second  oxide  of  Bferzelius, 
tni^t  all  the  acids  cotnbine.  Hence  this  is  the  oxide  which  «otii^ 
^^t^^^tbe  base  of  all  the  salts. 

"^^  IfTiiefffrst  or  protoxide  of  every  metal  must  be  a  compound  of. 
mt\m}ta  of  nietal  with  (toe  atom  of  oxygen.  Hence  its  analysis 
gl^iis'the  relative  weights  of  ati  atom  of  the  m^tal  and  aa 
aWiift  of  ciJcygen,  If  we  consider  Berzelius's  first 'oxide  as  the  - 
protoxide  of  manganese,  it  follows  that  the  weight"  ^f  an  atont 
of  iB^iLQganese  is  to  the  weight  of  an  atom  of  oxygen  as  100  : 
7*0266.  I  have  in  ^ny  table,  published  in  vpl..ii.  p.  42,  of  this 
Joumaf^  adopted  1  to  represent.th^weightof  an  atom  of  oxygen. 
And  aipi  atom  of  manganese,  on  the  supposition  that  Berzelius's 
first  OT^de  is  accurate,  would  be  14'260.  The  oxides  of  manga^ 
nese  giyei^  by  Berzelius  will  be  composed  as  follows  : — 

.,   ,^yylst  Oxide  of  1  atom  manganese  r|-   1  atom  oxygen 

.       "^l^^Oxide  of  1 .,.;,   If-  2    .  .       \ 

.-    3d  Oxide  of  1 ..*..,...   4-  4  .' 

.    4tH  Oxide  of  Ir +  6  ,  , 

■6thOxide  of  1 +8  ...     . 

But  if  we  suppose  that  the  first  oxide  of  Berzelius  does  pot 
exist  (and  his  tifiode  of  obtaining  ft  ^as  far  frOffii  satisfactory),  ia 
that  case  the  green  oxide  of  John  vWl  be  the  reaLprotoxide,  and 
the  con^it^Mtion  of  the  respective,  oxides  gf  mj^ngancse  will  b© 
as  follows  : —  , 

3    •  »,...,.  M,.4  ,  ....  .  .      ^  •^         ^  .    .     Z.^i 

^^'l^ro^dicide,  composed  1  dbm  ttiet&l  -f  L  atotaa  oxygmi*^  - 

2.  Deutoxide,     1  +  2        ^-^   i..,;.:,;^^ 

3.  Tritoxide, 1  i . . : +  » 

4.  Peroxide^   ........  Ir  '.^^.>/.?i-\;-;.:  4-  4 

I  confess  this  appears  to  me^  by  far  the  most  pjTobable  state- 
ment.   In  that  case,  the  weignt  *of  ah  atoni  of  manganese"  Will 
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be  only  7*130:  and  the  weight  of  an  integraat  particle  of  each 
of  these  oxides  will  be  as  follows : — 

Protoxide 813(> 

Deutoxide 9'J30 

Tritoxide 10-130 

Peroxide   ; , . . .  .11-130 

3.  The  only  salts  of  manganese  of  which  the  eompositioa  i» 
given  in  the  preceding  paper  are  the  carbonate,  sulphate,  sul- 
phite, and  muriate*  These,  according  to  the  analysis  of  Johny 
are  composed  as  follows: — 

1.  Carbonate  of  100  protoxide 4-  61-17  acid+   17'91  water. 

2.  Sulphate 100 + 108-55  . . . .  + 1 14* 

3.  Sulphite  ...  .100 +   94-45 +   54-43 

4.  Muriate  ....100 +   52-05 +  107'68 

Or  perhaps  the  composition  will  be  more  evident  by  stating  it  in 
the  following  manner,  taking  the  weight  of  an  atom  of  protoude 
as  the  basis  : — 

Protoxide.        Acid.  Water. 

Carbonate 8*130  -f  4-972  +   1'455 

Sulphate 8-130  -f  8-823   +  9-2G8 

Sulphite 8-130  +  7*678  -f  4*425 

Muriate    ..i... 8-130  +  4-431   -f  8*754 

There  can  be  little  doubt  that  the  weight  of  an  integrant 
particle  of  each  of  the  acids  which  enters  into  the  composition 
4kf  these  salts  is  as  follows : — 

Carbonic  acid 2-751 

Sulphuric  acid    ...  ^ 5*000 

Sulphurous  acid ..•4-000' 

Muriatic  acid 2"3<J5 

An  integrant  particle  of  water  weighs  1-132.  If  we  compare 
these  numbers  with  the  preceding  table  we  shall  find  an  approxi- 
mation to  two  integrant  particles  of  each  acid  combined  with  ppe 
integrant  particle  of  protoxide  in  each  of  the  salts.  The  reQ^a 
why  the  numbers  do  not  accord  exactly  with  two  integrant  pa> 
tides  of  the  acid  is  doubtless  because  some  error  has  been  com  - 
mittcd  in  determining  the  composition,  either  of  the  protoxide 
of  manganese,  or  of  the  salts  into  which  it  'enters.  Both 
determinations  are  probably  erroneous  to  a  certain  amount.  If 
the  quantity  of  oxygen  in  the  protoxide  were  a  very  little  less 
than  Berzelius  found  it,  the  weight  of  an  integrant  particle  .of 
the,  protoxide  would  be  somewhat  greater,  and  this  would  aqg« 
Otent  the  number  indicating  the  proportion  of  acid  i^mewhatt. 

With  respect  to  the  water  contained  in  these  saltSj^  it  woui4 
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appeat  that  the  carbonate  contains  1  atom,  the  sulphate  9,  the 
sulphite  4,  and  the  muriate  8  atoms. 

It  was  first;  observed  by  Richter  that  when  one  metal  is  preci- 
pitated from  a  solution  by  another  the  solution  continues  as 
neutral  as  at  first.  In  this  case  the  metal  is  changed,  but  tha 
acid  and  the  oxygen  remains  unchanged.  For  example,  if  we 
have  a  solution  of  sulphate  of  copper,  a  plate  of  zinc  introduced 
throws  down  the  copper.  The  copper  in  the  solution  was  united 
with  a  certain  proportion  of  oxygen  and  sulphuric  acid ;  the 
zinc  which  has  talfcn  its  place  is  now  dissolved  with  the  verj 
same  oxygen  and  sulphuric  acid ;  so  that  the  sulphuric  acid  now 
neutralizes  a  quantity  of  zinc  containing  just  the  same  quantity 
of  oxygen  that  the  copper  did  which  it  formerly  neutralized. 
From  this  it  follows  that  acids  (as  far  at  least  as  those  metals  are 
concerned  which  throw  down  each  other)  always  neutralize  por- 
tions of  oxides  containing  the  very  same  numerical  quantity  of 
oxygen. 

It  has  been  ascertained  that  the  quantity  of  oxygen  in  the 
oxides  neutralized  by  100  parts  of  the  preceding  acids,  b  as 
follows : — 

Carbonic  acid 96*68 

Sulphuric  acid 20*02  , 

Sulphurous  acid 20*02 

Muriatic  acid 30*49 

Now  the  quantities  of  protoxide  of  manganese,  which  contain 
these  respective  numbers  of  oxygen,  are  the  following :— . 

85*68  oxygen  are  contained  in  297*68  protoxide 

20*02 162*47 

20*02 162-47 

30*49 247*45 

If  we  compare  these  numbers  with  the  composition  of  the 
ildts  as  contained  in  Dr.  John's  paper,  we  shall  find  that  the 
rule  by  no  means  holds  with  respect  to  the  salts  of  manganese. 
According  to  his  analysis, 

100  carbonic  acid  saturate  163*46  protoxide 

100  sulphuric  acid 92*10 

100  sulphurous  acid   105*87 

100  muriaticacid 192*11 

s 

It  would  appear  from  this  statement  that  the  law  ought  not  to 
be  extended  to  those  metals  that  are  not  precipitated  by  others  in 
the  metallic  state.  Pnobably  the  nonexistence  of  this  law  with 
respect  to  them  is  the  reason  why  they  are  not  precipitated. 

4,  The  supposed  new  metal  announced  by  John  in  the  pre- 
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ceding  paper  as  existing  in  the  Saxon  grey  ore  of  rnanganese 
was  examined,  soon  after  the  publication  of  the  paper,  by  Ber* 
zelius;  and  the  appearances  were  shown  by  him  not  to  depend- 
tipon  the  presence  of  any  new  metal^  but  to  be  owing  te  ma&- 
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Experiments  on  the  Nature  of  Azote,  of  Hydrqgeriy   atti  of 
jimmonia,  and  upon  the  Decrees  of  Oxidation  of^wkich  jfyote 
is  susceptible.    By  Jacob  Berzelius,  M.D.  FJi..S.  Professof 
of  Chemistry  and  Pharmacy  in  Stockholm.  * 

The  following  experiments  are  to  be  considered  as  a  continua- 
tion of  those  which  I  have  already  published  on  the  same  subject 
in  the  Annales  de  Chimie  of  Paris,  and  in  the  Armalen  der 
Physique  of  Gilbert,  during  the  years  181rl  and  1812.  I  have 
endeavoured  to  prove  that  azote  contains  oxygen,  and  that  nitrie 
acid  neutralized  by  a  saline  base  contains  six  times  as  nfludi 
oxygen  as  that  base.  By  the  most  accurate  of  my  «xpenmeBt» 
I  have  found  that  the  nitrate  of  lead  is  composed  of 

Oxide  of  lead 67-3 

Nitric  acid • . . ». .  • . .  32*7 

lOOO 

Hence  100  parts  of  nitric  acid  are  WButralized  by  205*31  of 
oxide  of  lead,  a  quantity  which  contains  14*715  of  oitygen.  In 
the  nitrate  of  barytes  100  parts  of  acid  are  combined  with 
l40'73  parts  of  barytes,  which  contain  14*73  of  oxygen  {Ann. 
de  Chim,  Nov.  1811,  p.  174).  Thus  these  two  analyses  mutually 
confirm  each  other. 

I  have  endeavoured  to  prove  that  it  is  a  general  law  that  when 
two  oxidized  3ubstances  combine,  the  oxygen  contained  in  tSe 
one  is  always  either  equal  in  quantity  to  that  contained  in  the 
other,  or  it  is  a  multiple  of  it  by  a  whole  number.  If  we  admit 
tfiis  law  to  be  correct,  it  follows  from  it  that  100  parts  of  nitiic 
acid  ought  to  contain  a  certain  number  of  times  14*715.  of 
oxygen.  This  number  of  times  must  be  greater  than  4,  because 
decisive  experiments  have  demonstrated  that  the  acid  contains 
more  oxygen  than  14*715  x  4  :  but  it  cannot  be  greater  than  7r 
because  that  constitutes  more  than  the  weight  of  the  acid.  Hence 

• 

..  'It  may  be  proper  to  mention,  for  the  information  of  Dr.  BerzeUiiSy  that 
ttis  paper,  though  dated  the  29d  April,  did  not  reach  th«  Editor  tUl  theeni*^ 
4ncast.^ 
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tTie  acid  "must  coDtain  eitfier  5  or  6  times  14*7.15  of  oxygen* 
Bat  nitric  acid  has  the  property  of  ^  forming  witiV  oxide  of  lead 
several  salts  with  exce^  of  base ;  as  I  have  shown  in  my  memoir 
•on  tlie  composition  of  salts  with  excess  of  base  {Ann.  de  Chimie^ 
June  1812).  And  among  tluese  subnitrates  there  is  one  in  which 
the  acid  js  combined  with  twice  as  puch  base  as  in  the  neutral 
nitrate  :  but  if  the  above-tQcntioned  law  be  just,  it  is  clear  that 
the  oxygen  in  nitric  acid  cannot  be  5  times  14*71^  ;  because^ 
were  that  the  case,  the  oxygen  of  the  acid  in  the  subnitrate  just 
jnentibned  would  not  be  a  multiple  of  that  in  the  base  by  a 
whole  number,  but  l)y  2^. ;  consequently  the  true  quantity  of 
oxygen  in  100  parts  of  nitric  acid  must  be  6  times  \\*^\hy  or 
£8*29.  But  as  the  most  eseact  experimenters  have  not  indicated 
€0  great  a  quantity  of  oxygen  in  nitric  acid,  it  is  necessary  that 
the  oxygen  wanlii^  should  be  contained  in  the  azote,  which  of 
course  must  be  a  compound  of  oxygen  and  a  combustible  radicle* 

Such  artg  the  conclusions  which  1  have  drawn  from  my  experi^ 
mcDts  liitherto  publislied.  I  do  not  know  how  far  chemical 
philosophers  will  allow  them  to  be  well  founded  ;  but,  in  hopes 
that  the  laws  of  chemical  proportions  which  I  hav^e  endeavoured 
to  establi^  will  be  ooe  day  examined  and  admitted,  I  will  con- 
tinue in  this  paper  my  researches  respecting  the  nature  of  the 
bodies  announced  in  the  title  3  and  I  shall  commence  with  the 
composition  of  nitric  acid,  supposing  it  to  have  azote  for  its 
radicle.  ' 

It  is  well  known  that  M.  Gay-Lussac  accompanied  his  inapor- 
tant  discovery  of  the  proportions  in  whicli  gaseous  bodies  com^ 
bine  by  an  analysis  of  the  oxides  of  azote,  and  of  nitrous  and 
nitric  acids.  He  found  that  nitric  acid  contains  one  volume  of 
azotic  gas  and  two  volumes  of  oxygen  gas,  which  amounts  in 
weight  to  30-5  azote,  and  69^5  oxygen.  Messrs.  Cavendish  and 
Davy  had  "obtained  nearly  the  same  result  from  their  analytical 
experiments  on  this  acid.  These  excellent  authorities  induced 
me  to  confide  in  this  deterroiqatjon ;  and  in  my  analysis  of  the 
subnitrates  and  subnitrites  1  obtained  a  satisfactory  confirmation 
of  it;  that  is  to  say,  I  thought  I  obtained  a  subpitrate  such  that 
the  acid  and  oxide  contained  (jach  an  equal  quaptity  of  oxygen, 
supposing  the  acid  composed  as  above  stated.  J  was  struck  with 
this  anomaly ;  and  I  have  stated  {Ann.  de  Chimr  June  1812)  the 
experiments  which  it  induced  pie  to  make,  though  they  led  me  to 
no  satisfactory  explanation,  In  consequence  oi  the  pew  deter- 
H;iination  of  the  (composition  of  pitric  acid  by  Dalton  and  Davy, 
1  have  been  engaged  to  resume  my  researches,  and  have  beea 
happy  enough  to  see  the  anomaly  disappear,  apd  tp  obtain  resulu 
which  throw  much  light  on  the  nature  pf  azote, 

Mr.  Dalton,  who  has  given,  in  his  New  System  of  Chemical 
philosophy,  a  corpuscular  theory  from  w\v\c\\  \5iv^  AooXixtv^  ^\ 
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definite  proportiona  follows  as  a  necessary  consequence,  has 
stated  (vol.  ii  p.  329),  that  the  smallest  quantity  of  nitrous  gas, 
wbibh  in  his  experiments  was  condensed  by  100  parts  in  volume 
of  oxygen  gas,  was  always  130.  Jf  we  convert  these  volumes 
into  weights  we  obtain  nearly  7^'^  oxygen  and  26*5  azote* 
When  I  compared  this  determination  with  the  results  of  my 
analyses  of  the  nitrates,  I  found,  to  my  great  surprise,  that  they 
accorded  much  better  with  it  than  with  the  determination  oK 
Gay-Lussac,  though  the  difference  in  the  weights  that  ought  to 
be  obtained  in  the  analysis  of  the  nitrates,  nitrate  of  ammoniac 
for  example,  according  cp  the  one  or  the  other  of  these  determi-* ' 
nations,  was  so  little,  that  it  was  impossible  to  decide  by  experi-^ 
ipent  which  of  the  two  was  the  most  just. 

During  my  residence  in  London  last  summer.  Sir  Humphry 
Pavy  informed  me  that  he  had  found,  by  experiments  made 
with  the  greatest  care,  that  nitric  acid  is  composed  in  volume  of 
100  parts  of  azote  and  250  of  oxygen  ;  that  is  to  say,  of  26'5 
parts,  by  weight,  of  azote,  and  73*5  of  Oxygen :  for  when 
nit)  ate  of  anunonla  is  distilled  in  a  moderate  heat,  it  is  com^ 
pletely  changed  into  nitrous  oxide  gas  and  water,  without  any 
trace  of  azotic  gas.  In  the  Elements  of  Chemistry  publkhed 
soon  after  by  this  illustrious  chemist  he  has  represented  nifrie 
acid  as  a  compound  of  one  proportion  of  azote  iBind  five  of 
oxygen.  It  follows  that  in  the  neutral  nitrates  the  acid  saturates 
a  quantity  of  base  of  which  the  oxygen  is  .^th  of  that  of  the 
acid,  supposing  azote  to,  be  the  radicle  of  this  acid.  As  Davy 
has  not  admitted  the  result  of  the  calculations  which  I  have 
In^.de  on  the  composition  of  azote,  he  considers  this  last  sub^ 
gtance  as  an  element,  and  of  course  he  makes  no  inquiry  about 
the  sixth  portion  of  oxygen  which  ought  to  exist  in  the  azote. 
The  only  experiments  of  mine  which  did  not  agree  with  the 
determination  of  this  celebrated  chemist  were  the  analyses  of 
the  subnitrates  and  subpit rites  of  lead  at  a  maximum.  I  deter- 
mined, therefore,  to  repeat  th^m  5  and  I  shall  now  state  the 
result  which  1  obtained. 

The  analysis  of  the  subnitrate  of  lead  at  a  maximum  (men^ 
tioned  in  my  treatise  on  the  composition  of  the  subsalts)  being 
very  sip[)ple,  and  very  easy  to  be  made  with  precision,  I  had  no 
reason  tp  doubt  its  exactness.  It  was  more  probable  that  1  had 
committed  some  error  in  the  method  of  procuring  the  salt.  I 
might  have  obtained  a  mixture  of  hydrate  of  lead  and  subnitrate 
of  lead,  pr  a  mixture  pf  two  different  subnitrates  of  lead.  I 
resolved,  therefore,  to  examine  the  precipitates  produced  in  a 
solution  of  nitrate  of  lead  by  different  quantities  of  ammonia. 

Subnitrate  of  Lead  at  a  Maximum,— The  precipitate  obtained 
\)y  pouring  an  excess  of  ammonia  into  a  solution  of  nitrate  of 
fead  was  dig'ested  for  24  hours  in  concentrated  a^d  caustic  am« 
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monia.  It  was  then  washed  upon  a  filter  till  every  trace  of 
ammonia  disappeared.  When  dried  at  a  temperature  a  little 
alK>ve  212*^,  it  assumed  the  form  of  a  white  powder.  When 
a[^lied  to  the  tongue,  it  had  a  weak,  but  very  styptic  taste.  It 
dissolved  readily  in  nitric  acid  without  effervescence,  and  of 
course  contained  no  carbonic  acid.  Neither  did  it  contain  any 
ammonia,  as  caustic  potash  decomposed  it  without  the  evolution 
of  any  ammoniacal  odour. 

Ten  parts  (amounting  to  154*44  grain  troy)  of  this  salt 
exposed  in  a  small  crucible,  exactly  weighed,  and  placed  in  a 
sand-bath  to  a  heat  considerably  higher  than  that  of  boiling 
water,  gave  out  pure  water,  and  assumed  a  yellow  colour.  The 
loss  of  weight  was  0*18.  The  heat  being  raised  still  higher,  a 
little  water  was  disengaged,  but  it  was  accompanied  by  red 
fiiraes.  The  loss  now  amounted  to  0*198.  As  the  last  portions 
of  water  were  disengaged  at  the  same  time  with  the  acid,  I 
cannot  determine  the  quantity  of  water  with  rigorous  exactness  : 
but  this  experiment  shows  us  that  the  proportion  of  water 
Exceeds  a  little  1*8  per  cent.,  but  does  not  amount  to  I'SS.  The 
residue,  heated  in  the  crucibletill  the  acid  was  completely  ex- 
pelled, left  a  quantity  of  yellow  oxide  of  lead  weighing  9*08. 

To  ascertain  whether  this  subnitrate  could  be  always  produced 
with  the  sanie  properties  and  composition  when  the  excess  of 
ammonia  employed  was  great,  I  prepared  a  new  quantity  of  it, 
and  obtained  exactly  the  same  results ;  10  parts  of  it  left  9-064 
of  jTellow  oxide,  and  furnished  0*185  of  water,  containing  traces 
of  acid*  The  subnitrate  at  a  maximuni,  then,  is  co^nposed  as 
follows: — 

Oxide  Of  lead , 90*80 

Nitric  acid 7*37 

Water  of  combination • 1*83 


100' 


» 


But  90*8  parts  of  yellow  oxide  of  lead  contain  6*492  of 
oxygen.  The  7'37  of  nitric  acid,  if  we  consider  it  as  composed 
of  oxygen  and  azote,  contain  only  5*417;  but  such  a  composi- 
tion is  inconsistent  with  the  laws  of  chemical  proportions.  On 
the  other  hand,  if  we  suppose  azote  to  be  an  oxide,  and  nitric 
acid  to  be  composed  as  we  have  stated  at  the  beginning  of  this 
dissertation,  then  the  7*37  of  acid  will  contain  6*608  of  oxygen^ 
that  is  to  say,  the  same  quantity  with  the  oxide  of  lead.  The 
i*83  of  water  contains  1*615  of  oxygen,  which  multiplied  by 
fcur  gives  6*46.     Hence  it  follows  that  the  oxygen  of  the  water 

♦  The  mean  of  two  expcrlmciiti. 
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is  4-th  of  that  of  the  base ;  and  if  the  water  be  represented  by  1^ 
the  acid  and  oxide  will  be  represented  each  by  4.  On  the  other 
hand,  73*7  of  acid  are  combined  with  908  of  oxide ;  so  that  100 
parts  of  acid  combine  with  1236  of  oxide.  We  have  seen  that 
in  ihe  neutral  nitrate  100  parts  of  acid  are  combined  with  205*81 
parts  of  oxide.  Now  205-81  x  6  =  123486  ;  that  is  to  say^^ 
that  in  the  subnitrate  at  a  maximum  the  iiitric  acid  is  combined 
with  six  times  the  quantity  of  base  with  which  it  is  combined  ia 
the  neutral  nitrate. 

Intermediate  Subnitrate  of  Lead. — I  precipitated  a  portion  of 
nitrate  of  lead  by  ammonia  in  excess,  but  without  digesting  it 
in  pure  ammonia.  The  precipitate  was  white ;  and  when  die 
liquid  was  passed  through  the  filter  I  perceived  that  the  salt 
began  to  dissolve  in  proportion  as  the  ammoniacal  liquor  wa» 
removed;  but  it  precij^  itated  again  in  proportion  as  the  drop^ 
fell  into  the  liquid  that  had  already  passed  through  the  filter^ 
The  precipitate,  when  washed  and  dried,  formed  a  white  powder;^ 
10  parts  of  which  exposed  in  a  crucible  to  a  sand  heat  lost  0'2d2 
of  water,  and  became  pale  yellow.  Being  then  heated  till  the 
whole  of  the  acid  was  removed,  there  remained  8*584  of  yellow: 
oxide.  As  such  a  composition  does  not  accord  with  the  laws  of 
chemical  proportions,  we  must  conclude  that  this  precipitate  is  a 
mixture  of  subnitrate  at  a  maximum,  and  of  that  in  which  the 
acid  is  combiqed  with  twice  the  quantity  of  base  tliat  exists  in 
the  neutral  nitrate. 

To  obtain  the  intermediate  subnitrate  I  endeavoured  to  emploj 
the  smallest  possible  excess  of  ammonia.  I  precipitated^  by 
anjmonia  in  a  very  small  excess,  a  solutiob  of  nitrate  of  \e»A^ 
^nd  1  dit,cstf  d  the  solution  in  the  excess  employed.     To  decom- 

fa«;c  the  subsalt  at  a  maximum  which  might  have  been  formed, 
poured  crop  by  drop  a  weak  solution  of  nitrate  of  lead  into  the 
mixture,  and  digested  it  for  half  an  hour.  I  tlien  added  a  little 
more  of  the  nitrate,  and  digested  again ;  and  I  continued  this 
process  till  the  liquor  contained  no  longer  any  excess  of  ammo* 
hia,  excepting  a  portion  so  small  that  it  could  no  longer  be 
recognised  by  the  smell,  but  became  sensible  by  means  of  a 
stopper  dipped  in  muriatic  acid.  1  then  filtered,  and  the  preci- 
pitate exhil)ited  the  same  phenomenon  of  partially  dissolviflg 
^ain,  already  mentioned.  When  about  the  fourth  part  of  this 
precipitate  was  carried  away  by  edulcoration  1  considered  the 
residue  as  sufficiently  edulcorated,  and  therefore  dried  it. 

The  sulTsalt  thus  obtained  was  analysed  in  the  same  manner  is 
the  preceding  specimens.  It  yielded  pure  water,  aod  assumed^ 
while  still  hot,  a  yellowish  colour,  but  which  on  cooling  was 
changed  into  white.  Ten  parts  of  it  produced  0*35  parts  of 
water^  andleft^  when  th^.apid^w^s  driven,  qff,  8298  parts  of 
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yellow  oxide.    HeDce  the  portion  of  acid  amoants  to  }^Z&2m 
j^ence  this  subsalt  is  coippos^d  of 

Oxide  of  iead 82-98 

Nitric  acid '. .  i3-52 

Water  of  ^combination 3*50 

100-00 

>Iow  82*98  of  oxide  contain  5-933  of  oxygen,  13*52  of  acid 

itontain   11'93,    and  3'5   of   water  contain  3*08:    but  -r— 

sfc  5-965,  and  3*08  x  2  =  6-16.  Hence  in  this  salt  the  acid 
(Contains  twice  as  much  oxygen  as  the  oxide,  and  the  oxide  twice 
as  much  as  the  water.  Farther,  we  find  that  135-2  of  acid  are 
united  with  829-8  of  oxide,  therefore  100  of  acid  combine  with 
615  of  oxide;  but  205-81  x  3  ==  617'43;  that  is  to  say,  that 
lA  this  salt  the  acid  is  combined  with  three  times  as  much  oxide 
as  in  the  neutral  nitrate. 

I  ought  to  observe  that  I  repeated  a  second  time  the  prepara- 
tion and  analysis  of  this  subsalt,  and  obtained  as  the  result 
^2-975  oxide,  3-25  of  water,  and  13-775  of  acid.  The  slight 
ldi£ference  between  these  two  experiments  is  to  be  ascribed  to  the 
great  care  and  patience  necessary  to  procure  the  subsalt  entirely 
free  from  all  admixture  of  tlie  two  other  subsalts ;  for  when 
there  Hs  a  flight  excess  of  ammonia  a  small  quantity  of  the  sub- 
liitrate  at  a  maximum  is  formed :  and  when  too  little  ammonia 
has  been  employed,  or  the  mixture  not  digested  sufficiently  long^ 
the  precipitate  is  contaminated  with  the  subsalt  at  a  minimum  : 
and  m  this  last  case  the  quantity  of  water  diminishes  in  propor- 
tion as  that  of  the  acid  augments. 

These  experiments  prove  that  the  subnitrate  at  a  maximum, 
of  which  1  have  given  a  description  and  analysis  in  my  essay 
already  quoted,  was  in  reality  merely  a  mixture  of  the  two  sub« 
nitrates  just  examined :  and  consequently  that  a  subnitrate ^n 
which  the  acid  saturates  If  as  much  of  base  as  in  the  neutral 
nitrate  does  not  exist. 

Nitric  acid,  then,  has  the  property  of  combining  with  four 
different  propqrtioris  of  oxide  of  lead ;  that  is  to  say,  a>  with 
2P5^  1  of  oxide,  forming  the  neutral  nitrate  ;  by  with  twice 
ihat^ quantity  =s  41 1*62,  forming  the  subnitrate  at  a  minimum ; 
c,  with  205*81  x  3  =  617*43,  forming  the  intermediate  sub^ 
nitrate;  and,  finally,  d,  with  205-81  x  6  =  1 234*86,  forming 
the  subnitrate  at  a  maxiinum.'^    A$  these  subnitrates,  or  at  least 


*  It  is  proper  to  observe,  that  a  subnitrate  in  whicfa  the  acid  is  combined 
wit\k  four  times  20^*^1  af  nxidi*  cannot  extift,  because  in  that  case  the  o3cygen 
4»f  tijc  oxide  w(M|l)l  be  a  fractional  ^ar|  of  that  of  the  acid. 
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the  difference  between  them^  have  been  hitherto  unknown  to 
chemists^  I  shall  here  give  a  sketch  of  their  properties  and 
composition. 

1.  The  First  Subnitrate^  or  Sulnitrate  at  a  Minimum,  is 
produced  when  nitrate  of  lead  is  precipitated  by  a  smaller  quan- 
tity of  ammonia  than  is  sufficient  to  neutralize  one-half  of  the 
nitric  acid.  It  is  composed  of  such  proportions  that  the  acid 
contains  three  times  as  much  oxygen  as  the  oxide.  It  contains 
no  water  of  combination.  When  decomposed  by  heat  it  leaves 
its  oxide  in  an  agglutinated  and  reddish  coloured  mass,  just  as 
happens  when  the  neutral  nitrate  is  treated  in  the  same  way.  It 
IS  very  soluble  in  water,  and  boiling  water  dissolves  a  much  ' 
greater  quantity  of  it  than  cold  water.  On  cooling  it  deposites 
the  salt  in  small  transparent  crystals,  which  decrepitate  strongly . 
when  heated. 

2.  The  Second,  or  Intermediate  Sulnitrate,  is  formed  when 
the  neutral  nitrate  of  lead  is  mixed  with  a  quantity  of  ammonia :. 
exactly  sufficient  to  neutralize  ■§•  of  the  nitric  acid.     When  mons  ■ 
or  less  of  the  alkali  is  employed  there  is  formed  a  mixture  of  the* 
intermediate  subnitrate  with  one  or  other  of  the  two  other  sub- 
nitrates.     The  intermediate  subnitrate  is  composed  in  such  a. 
manner  that  the  acid  contains  twice  as  much  oxygen  as  the  base, 
while  the  water  of  combination  contains  half  as  much  oxygen  as 
the  base.  When  heated  it  loses  its  water  and  becomes  yellowish, 
but  recovers  its  white  colour  again  on  cooling;  so  that  it  contains, 
enough  of  acid  to  conceal  the  colour  of  the  oxide.     It  is  .feebly 
soluble  in  pure  water ;  but  the  addition  of  any  other  salt,  even,' 
nitrate  of  lead,  precipitates  it  again.    When  heated  to  redness* 
it  is  decomposed,  leaving  the  oxide  of  lead  in  the  state  of  a . 
very  minute  powder,  and  of  a  very  fine  yellow  colour. 

S»  The  Third  Subnitrate,  or  Subnitrate  at  a  Maximum,  is 
obtained  when  nitrate  of  lead  is  mixed  with  a  considerable 
excess  of  eonc*entrated  ammonia.  It  is  so  constituted  that  the 
acid  and  oxide  contain  equal  quantities  of  oxygen.  It  contains 
water  of  combination,  the  oxygen  of  which  is  ^  of  that  of  the 
oxide.  It  loses  its  water  at  a  moderate  heat,  and  becomes  of  a 
deep  yellow  colour,  which  it  retains  when  cold.  It  is  scarcely 
soluble  ia  water.  When  decomposed  by  heat  it  leaves  its  oxide 
in  a  fine  powder  and  yellow  colour,  like  the  preceding  subnitrate*  ■ 

The  anomaly  in  my  first  experiments  having  disappeared,  and 
the  only  circumstance  in  which  tliese  experiments  did  not  coin- 
cide with  those  of  Davy  and  Dalton  being  removed,  it  remains 
only  to  verify  by  direct  experiment  their  determination  of  the 
quantity  of  azote  contained  in  nitric  acid.  My  method  of  pro* 
pe^ng  was  as  follows : — 

.  )  dissolved  in  water  in  a  convenient  apparatus  12*05  parts  of 
^ftnUjp'of  baiyteS|' previously  reduced  to  powder  and  strongly 
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dried.     With  this  solution  I  mixed  concentrated  milriatic  a(;id, 

and  then  added  9^.  parts  of  copper.    The  solution  of  the  copper 

was  promoted  by  the  aoplication  of  heat,  and  at  the  end  of  six 

hours  it  was  all  dissolved.     The  liquor  had  assumed  a^  brownish 

blue  colour,  holding  in  solution  a  little  of  the  muriate  of  copper 

{rnurias  cupivstis).     The  evolution  of  nitrous  gas  continued  still 

four  hours  longer,  and  the  liquid  gradually  assumed  a  green 

colour.     After  sixteen  hours  the  apparatus  was  allowed  to  cool. 

When  the  greenish  liquid  was  mixed  with  distilled  water  it 

became  milky,  in  consequence  of  the  precipitation  of  the  mvrias 

cuprosus  ;  but  the  precipitate  subsided  very  slowly,  and  was  for 

the  most  part  (as  usually  happens)  converted  into  murias  cupricus 

before  it  could  be  collected,  dried,  and  weighed.    To  judge 

finom  appearances,  its  weight  could  not  have  amounted  to  one 

part     Its  presence,  however,  shows  that  the  nitric  acid  was 

entirely  decomposed,    llie  nitrous  gas,  examined  by  means  of 

muriate  of  iron,  left  so  small  a  quantity  of  unabsorbed  residue, 

that  We  can  only  ascribe  it  to  the  azotic  gas  disengaged  from  the 

water  in  the  pneumatic  apparatus. 

Let  us  examine  the  result  of  this  experiment :  12'05  parts  of 
Bitrate  of  barytes  contain  5*00  parts  of  pure  nitric  acid,  which 
(supposing  the  determination  of  Davy  and  Dalton  accurate)  is 
composed  of  2*207  oxygen  and  2*793  of  nitrous  gas ;  but  if  the 
determination  of  Gay-Lussac  be  the  most  correct,  the  five  parts  ' 
of  acid  are  composed  of  1*738  of  oxygen  and  3*262  of  nitrous 
gas.  According  to  the  first  supposition  the  5*00  of  acid  will  be 
capable  of  peroxidizing  9*12  parts  of  copper,  while  according  to 
the  second  they  will  only  peroxidize  7*00  parts  of  that  metal:  but 
in  the  experiment  above  described  9'5  parts  of  copper  had  been 
dissolved,  while  at  the  same  time  a  small  quantity  of  muriate  of 
copper  had  formed,  owing  to  the  surplus  of  copper  dissolvec). 
We  cannot  attribute  the  difference  between  7  and  94^  to  the 
formation  of  murjate  of  copper,  because  in  that  case  the  quan- 
tity of  muriate  deposited  would  have  amounted  to  7t  P^f^ 
which  is  much  greater  than  the  truth. 
Experiments  prove,  then : — 

1.  That  azote  cannot  be  considered  as  the  radicle  of  nitric 
acid ;  but  that  the  acid  must  contain  another  radicle^  the  weight 
gf  which  must  be  IT 72  percent,  of  the  acid. 

2.  That  nitric  acid  does  not  contain  more  than  26*43  of  azote 
to  73*57  of  oxygen,  nearly  the  numbers  established  by  Davy  in 
his  Elements  of  Chemical  Phihsophy. 

3.  That  the  acid  containing  only  11*72  per  cent,  of  radicle, 
but  26*43  per  cent,  of  azote,  it  follows  that  11*72  of  radicle 
un^ed  to  14*4^1  of  oxygen  cotistitutes  azote.  Hence  azote  i« 
composed  as  follows :— 


Exphsion  of  Inflammable  Air  \pcr. 

Radicle 44-32 79-64 lOO'OO 

Oxygen 55-68 . . .  .100-00 125-51 

Now  this  composition  approaches  very  nearly  to  what  \  b^ 
obtained  in  my  preceding  memoirs  on  this  subject* 
4.  That  nitric  acid  is  composed  as  follows : — 

Radicle 11-72  Azote 26-43 

Oxygen 88-28  Oxygen  ....  73-57 

'       100-00  MK)-00 

That  is  to  say^  that  if  we  consider  it  as  having  azote  for  iti 
radicle  it  neutralizes  a  quantity  of  base  containing  ^h  of  the 
oxygen  in  the  acid ;  but  if  we  consider  it  as  having  a  particular 
radicle  it  neutralizes  a  quantity  of  base,  the  oxygen  of  which 
amounts  to  ^th  of  that  in  the  acid. 

1  shall  now  show  that  the  radicle  of  azote  is  not,  as  I  supposed 
for  soipe  time,  the  metallic  body  conceived  to  constitute  the 
^dicle  of  ammonia  (or  at  least  in  the  present  state  of  our  know* 
Jedgb  we  cannot  consider  it  as  such) ;  but  another  body,  for 
which  we  jmust  have  a  name  in  order  to  avoid  circumlocutions^ 
I  propose,  according  to  the  principles  explained  in  my  essay  on 
chemical  nomenclature  {Jour,  de  Physique ,  1811),  to  give  it 
the  name  of  nitricum  j  as  we  say  culortcuvi,  carbonicum,  &c, ' 
The  word  nilrogenimn,  though  sanctioned  by  two  words  of  the 
same  kind,  cannot  well  be  employed,  because  it  has  always  had 
the  same  meaning  with  azote.  Jlzoie,  or  liitrogen,  according  to 
my  nomenclature,  is  the  suboxide  of'  nUric,  suboxidum  nitricum^- 
just  as  carbonic  oxide  ^^  \s  the  subside  of  carbon ;  that  is  to 
say,  that  both  belong  to  ^  class  of  oxides  inca})able  of  combining 
with  other  oxides  till  ihey  have  pnited  >vith  a  greater  propo^tioo 
of  oxygen* 
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Article   VII. 

An  Account  of  the  Explosion  of  Inflammable  Air  which  latetf 
occ2irred  in  the  Collin gwood  Main  Colliery.  Drawn  up  ft^ 
the  "  Annals  of  Philosophy." 

On  Saturday  the  I7th  of  July,  at  two  pVlock,.p.  m.  in  the 
CoUingu'Ood  Main  Colliery,  situated  upon  the  river  Tvne,  near 
Korth  Shields,  a  very  considerable  quantity  of  inflammable  air^ 
or  carbureted  hydrogen  gas,  came  into  contact  witt^the  pitmen's 
candles,  which  caused  a  most  tremendous  explosion,  by  whicb 
'  * '  wcyc  killed  upon  the  spot,   and  two  severely 
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wounded  and  scorched.  The  following  particulars  of  this 
melancholy  disaster,  were  communicated  verbatim  at  the  above- 
mentioned  colliery,  a  few  days  after  the  accident,  to  the  writer  of 
this,  by  Henry  Hall,  who  ^rtunately  escaped,  though  in  the 
midst  of  imminent  danger. 

At  the  time  when  the  explosion  took  place  the  above-named 
Henry  Hall,  and  five  other  pitmen,  were  proceeding  with  hpr- 
thens  of  timber  through  the  old  workings  or  excavations  (the 
proper  road  being  obstructed  by  a  creep,*)  in  the  full  ccMifidence 
(of  safety,  having  been  assured  by  Mr.  Hope,  the  under  viewer, 
that  there  was  no  fear,  of  the  "  mine  firing."  In  an  instant  this 
young  nxan,  Henry  Hall,  and  the  five  pitmen  who  were  with 
nim,  were  by  tire  explosion  thrown  upon  their  faces ;  and ,  the 
shock  was  so  great  as  to  deprive  him  of  sensation,  as  well  as 
▼olition,  till  the  after-blast,  or  after-damp,  f  as  it  is  called,  gave 
him  such  excitement  that  he  faintly  recollects  being  urged  like  a 
ball  along  the  floor  of  the  mine  with  incredible  velocity,  Sooa 
after  this  he  was  again  deprived  of  sensation,  in  which  state  he 
eontinued  for  about  twenty  minutes,  till  he  breathed  the  pure 
atmospheric  air  upon  the  bank,  at  the  top  of  the  shaft,  to  which 
place  Ills  brother  had  carried  him,  who  descended  into  the  niin^ 
IIS  sogn  9S  he  possibly  could,  upon  hearing  tlie  explosion,  at  the 
risk  of  his  own  life,  for  the  purpose  of  saving  that  of  his  brother, 
or  of  any  other  person  whom  he  could  find.  I  may  remark,  by 
the  by,  that  according  to  the  rules  of  the  Royal  Humane 
Society,  if  my  memory  serves  me,  H.  Hall's  brother,  anS 
several  others,  are  entitled  to  rewards  from  that  very  excellent 
institution.  H.  Hall  reports,  that  after  he  recovered  sensation  he 
felt  his  whole  body  racked  with  pain,  the  burnt  places  giving 
him  no  uneasiness,  comparatively  speaking;  and  that  his  suffering 
continued  without  intermission  for  two  days.  Bad  as  H.  Hall's 
case  was,  the  other  five  pitmen  who  were  with  him  had  not  even 
such  an  escape,  for  four  of  them  were  instantly  killed,  and  Ralph 
Stokell  so  dangerously  bruised  and  burnt  in  several  places  that 
his  life  was  for  some  time  despaired  of. 

At  a  distant  part  of  the  mine,  where  some  other  pitmen  werfe 
employed  in  taking  up  metal  plates,  timber,  &c.  Mr.  Hope,  the 
under  viewer,  Mr.  Wild,  the  overman,  and  two  pitmen,  were 
suffocated  by  the  choak-damp,  or  carbonic  acid  gas.  Mr.  Wild 
had  wandered  at  least  a  hundred  yards  before  he  met  his  deatb 
by  suffocation. 


t  Ip  working  the  coal,  the  pitmen  leave  pillars,  ip  the  form  of  parallelQ- 
grains,  for  the  support  of  the  roof.  If  these  pillars  are  narrow,  and  the  flopr 
•f  the  mine  soft  or  tender,  they  are  apt  to  sink  into  the  floor,  and  cause  such 
an  approximation  as  to  prevent  veiicilatioa,  &c.  This  is  technically  called 
«  creep,  •  •     * 

t  Vide  Annals  of  Philosophy,  vol.  i.  p.  35dv 
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Upoti  an  explosion  taking  place  in  a  coal-mine  the  choak- 
damp  is  very  rapidly  driven  through  all  parts  of  the  colliery  from 
those  places  where  it  had  accumulated,  dnd  the  explosion  is 
always  followed  by  another  commotion,  of  a  still  more  dangerotis 
nature,  viz.  the  "  back  draught,"  as  the  miners  term  it.  The 
back  draught  is  that  impetuous  current  of  air  which  rushes 
most  violently  from  all  sides  within  the  mine,  like  "  the  voice 
of  mighty  thunderings,"  to  the  spot  where  the  explosion 
occurred,  so  as  to  overcome  the  vacuum  wl^ich  had  been  effected 
by  means  of  the  explosion. 

The  following  is  a  list  of  the  persons  who  were  killed  : — 

Mr.  William  Hope^  under  viewer,  leaving  a  wife  and  fouf 
children. 

Mr.  Ralph  Wild,  overman,  a  wife  and  four  children, 

James  Campbell,  pitman^  a  wife  and  child. 

Ralph  Hope,  pitman. 

Robert  Clark,  pitman. 

Thomas  Miller,  pitman. 

George  Richardson,  and 

William  Richardson,  pitmen :  these  two  young  m^n  were 
brothers;  and,  having  lost  their  parents,  they  had  the  filial 
goodness  to  support  their  grandmother,  now  in  her  lOSd  year, 
by  their  industry. 

By  the  choak-damp  a  considerable  number  of  horses  were 
suffocated.  In  this  melancholy  list  the  dreadfully  uncertain 
state  of  the  pitmen  is  clearly  demonstrated.  Poor  Mr.  Hope, 
the  under  viewer,  was  heard  to  exclaim,  in  astonishment  or 
despair,  a  moment  before  his  dissolution,  "  God  have  mercy 
upon  us ;  the  pit  has  fired  !  '*  Besides  the  sufferers,  there  were 
14  or  15  men  in  the  pit,  who,  as  if  by  a  miracle,  were  saved.^ 
They  had  been  employed  in  a  distant  part  of  the  colliery  ;  and 
after  the  explosion  wandered  on  in  darkness  and  stupefaction  till 
by  good  fortune  they  chanced  to  arrive  at  that  part  of  the  mine 
where  there  was  a  sufficient  proportion  of  atmospheric  air  ta 
support  respiration. 

The  frequency  of  these  destructive  explosions,  upon  the  score 
of  humanity,  is  greatly  to  be  deplored ;  the  loss  to  the  coal-owners 
is  always  very  considerable — sometimes  enormous ;  and  as  1  am 
given  to  understand  there  is  at  length  discovered  an  effectual 
plan  for  their  prevention,  hy  means  of  a  lamp  or  lantern  invented 
by  Dr.  Reid  Clanny,  which  was  noticed  in  the  Annals  of  Philo^ 
sophy  for  June  last,  it  is  greatly  to  be  desired  that  this  method 
of  afibrding  light  to  the  pitmen  may  come,  into  general  use, 
even  where  the  chance  of  an  explosion  is  but  small ;  for  I  am 
happy  to  find,  upon  inquiry,  that  the  expense  attendant  upoa 
this  plan  is  very  trifling  indeed,  compared  with  the  safety  which 
||i  insured.     Let  not  babit   or  usage  have  ^any  weight  her^ 
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however  praiseworthy  under  other  circumstances  ;  for  the  loss  of 
valuable  lives  from  explosions  is  greatly  upon  the  increase^  and 
demands  the  serious  attention  of  every  good  man.  If  this  account 
of  the  explosion,  which  is  the  only  one  hitherto  drawn  up, 
merits  a  place  in  the  Annals  of  Philosophy ^  the  Editor  shall 
hear  from  me  again  upon  this  most  interesting  subject. 

August^  1813.  <^/AsA£S(vo;« 


Article  VIII. 


On  the  Manner  of  separating  the  Oxide  of  Iron  from  the  Oxide 

of  Manganese.    By  M.  Bucholz,* 

M.  BucHOLZ,  after  having  described  all  the  difficulties  which 
chemists  experience  when  they  wish  to  separate  with  exactness 
the  oxide  of  iron  from  the  oxide  of  manganese,  adopts  the 
process  of  Gehlen  as  the  best ;  which  consists  in  pouring  succi* 
n^te  of  ammonia  into  a  neutral  solution  of  the  two  oxides.  This 

Srocess  has  been  confirmed  by  the  subsequent  experiments  of 
.[laproth  and  Bucholz.  He  wishes  only  that  the  succinate  of 
iron  were 'more  dense  and  more  easily  washed.  The  process  of 
Berzelius,  who  employs  combinations  of  benzoic  aci^l  for  the 
same  purpose,  is  also  good,  and  may  be  employed  when  the 
(experimenter  is  not  provided  with  succinic  acid.  Bucholz  ter- 
minates his  paper  with  an  examination  of  the  process  published 
in  1806  by  Dr.  John,  and  employed  afterwards  by  Simon.  It 
consists  in  precipitating  the  iron  from  its  solution,  rendered  as 
neutral  as  possible  by  pouring  into  it  a  quantity  of  oxalate  of 
potash.  According  to  John  the  whole  of  the  iron  is  thrown 
oown,  while  the  manganese  remains  in  solutiort.  This  process, 
which  appears  at  first  sight  so  advantageous,  is  at  variance  with 
every  chemical  work,  all  of  which  afHrm  that  the  oxalate  of 
manganese  is  nearly  insoluble  in  water. 

To  put  the  fact  to  the  test  of  experiment,  Bucholz  dissolved 
carbonate  of  manganese  in  acetic  acid,  and  diluted  the  solution 
with  16  parts  of  water.  He  divided  this  liquid  into  two  equal 
portions,  into  one  of  which  he  poured  oxalate  of  potash,  and 
jnto  the  other  oxalate  of  ammonia.  Both  liquids  in  a  short  time 
became  muddy,  and  deposited  a  considerable  precipitate. 

M.  Bucholz,  being  afraid  that  the  precipitation  might  be 
ascribed  to  the  too  great  concentration  of  the  liquid,  repeated  it 
Y^ith  some  alteration,  and  found  that  oxalates  precipitate  the 
solutions  of  manganese  not  only  when  diluted  with  64  time? 
^heir  weight  of  water,  but  also  when  there  is  an  excess  of  acid 


•  Abridged  fron»  Geblrn's  Journal  for  1810,  p«  %13L 


288  On  the  Manner  of  separating  [Oct. 

• 

present.  The  solution  of  manganese  in  muriatic  acid  is  even 
precipitated  by  the  oxalates  when  diluted  with  a  much  greater 
proportion  of  water;  but  the  precipitate  does  not  so  speedily 
make  its  appearance. 

These  experiments  proved  that  Dr.  John  had  been  deceived  ; 
but  Bucholz  wished  farther  to  ascertain  if  the  oxalate  of  iron 
wa6  as  insoluble  in  all  states  as  Dr.  John  had  alleged.  For*  this 
purpose  he  made  the  following  experiments  : — 

He  took  one  part  of  the  red  murinte  of  iron  which  had  beea 
suffered  to  run  into  deliquescence  in  the  open  air,  but  in  a  state 
as  nearly  neutral  as  possible.  He  diluted  it  with  37  parts  of 
water,  and  added  ^  of  neutral  oxalate  of  potash  dissolved  in  8 
parts  of  water.  The  precipitate  fell  much  more  slowly  tktM 
when  maaganese  was  employed.  To  observe  the  phenomena 
the  better  this  experiment  was  repeated  in  the  following  manner: 

One  hundred  and  twenty  grains  of  the  same  muriate  of  hron 
were  mixed  with  an  ounce  of  water,  and  with  an  ounce  of  a 
solution  which  contained  80  grains  of  oxalate  of  potash,  and 
this  mixed  liquid  was  placed  in  a  quiet  place.  Not  a  single  cloud 
appeared  in  the  liquid ;  it  merely  assumed  a  brownish  green 
colour,  and  remained  in  that  state  for  eight  days  withoiit  under- 
going any  alteration.  Another  ounce  of  the  solution  of  oxalate 
of  potash  was  then  added.  The  liquid  then  assumed  a  deeper 
brown  colour,  and  in  a  short  time  became  muddy,  by  the  preci- 
pitation of  a  lemon  yellow  powder.  When  this  powder  was 
precipitated  there  gradually  formed,  in  the  course  of  six  hours, 
small  crystals  of  a  fine  apple-green  colour.  These  crystals 
formed  upon  the  surface,  and  were  precipitated  to  the  bottom  of 
the  liquid.  They  continued  to  form  during  four  days,  while  at 
the  same  time  a  very  small  quantity  of  the  yellow  precipitate 
attached  itself  to  the  vessel  in  the  form  of  a  crust.  The  liquid, 
which  had  still  a  greenish  yellow  colour,  was  decanted.  It 
continued  to  deposite  some  green  crystals  during  15  days,  but  it 
was  not  entirely  freed  from  iron.  Having  subjected  these  pro- 
ducts to  analysis,  M.  Bucholz  ascertained  that  the  yellow  powder 
was  oxalate  of  iron,  anci  the  green  crystals  a  triple  compound  of 
potash,  oxalic  acid,  and  red  oxide  of  iron. 

Thus  it  was  demonstrated  that  the  process  of  Dr.  John  was  a 
bad  one  ;  but  to  leave  nothing  undetermined  M.  Bucholz  made 
the  following  experiment:  He  mixed  together  equal  portions  of 
muriate  of  iron  and  muriate  of  manganese,  dissolved  the 
mixture  in  32  times  its  weight  of  water,  and  poured  into  the 
solution  neutral  oxalate  of  potasli  dissolved  in  eight  times  its 
weight  of  water.  There  appeared  at  first  a  slight  precipitate  of 
ji|  yellowish  white  colour,  contnining  obviously  much  more 
oxalate  of  manganese  than  oxalates  of  iron ;  but  this  precipt- 
tate,  as  it  increased  in  quantity  becoming  always  more  and  more 
yeUow,  wai  in  a  short  tune  mueh  ilclier  in  icon  than  in  Bwnga* 
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aese.  This  being  exactly  tlie  opposite  of  the  statement  of  Dr. 
John,  it  follows  that  he  must  somehow  or  other  liave  fallen  into, 
an  error. 

M.  Bucholz  conceives  that  the  triple  salt  is  formed  in  the 
following  manner:  The  muriate  of  iron  containing  always  aa 
excess  of  acid,  thisr  excess  acts  upon  the  alkali  of  the  oxalate, 
and  reduces  it  to  the  state  of  a  superoxalate ;  but  this  last  salt 
seizes  a  portion  of  the  oxide  of  iron,  and  thus  forms  the  triple 
salt.  Bucholz  was  surprised  at  the  fine  green  colour  of  this  salt, 
which  it  retains  notwithstanding  the  red  oxide  of  iron,  which 
forms  one  of  its  constituents,  and  which  usually  gives  a  browa 
or  yellow  colour  to  those  bodies  with  which  it  unites. 

These  crystals  assume  the  form  of  a  flat  four-sided  prism,  the 
extremities  of  which  terminate  in  two  oblique  facets.  The  taste 
of  this  sale  is  sweetish,  and  slightly  astringent,  k  dissolves 
readily  in  water,  and  the  solution  has  a  greenish  yellow  colour* 
Tlie  pure  alkalies  precipitate  the  iron  in  the  state  of  red  oxide. 
When  calcined  there  remains  a  considerable  alkaline  residuum. 
This,  combined  with  its  other  properties,  kaves  no  doubt  about  its 
composition. 


Article  IX. 


Memoir  on  the  Determination  of  the  Specific  Heat  of  the 
different  Gases.  By  MM.  F.  Delarochei  M.D.  and  J.  E. 
Berard. 

(Continued  from  p,  219.) 

Section  II. 

Determirtation  of  the  Specific  Heat  of  some  Gases,  that  of  Air 

being  considered  as  unity. 

The  process  which  we  have  followed  in  the  experiments  that 
we  have  made  on  the  different  gases  being  the  same  for  all,  and 
this  process  having  been  sufficiently  explained  in  the  preceding 
section,  we  think  it  unnecessary  to  enter  into  a  detailed  account 
of  the  experiments  which  wc  tnade  on  each  particular  gas ;  we 
think  it  sufficient  to  present  the  results  of  them  in  the  following 
table.* 

'♦  The  hydrogen  gas  Vrhich  we  employed  tvas  obtained  by  dissolving  zinc 
in  diluted  salph^ric  acid ;  ibe  carbt)nic  acid  gas,  by  dissolving  white  marble  !• 
tile  oxygen,  by  distilling  hyperoxy muriate  of  potash;  the  gaseous  oxide  of 
azote  by,  decomposing  uitr<^te  of  ammonia;  olefiaot  gas,  from  a  mixture  of 
alcohol  and  sulphuric  acid  ;  carbonic  oxide  gas,  by  beating  dry  white  marble 
nixed  i^iHi -charcoal  exposed  to  **strong  heat,        .  ■         . 

VoU.-II.  N' iV.  '  '♦"         T 
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Columns  1,  2,  3,  5,  6,  7>  8,  and  9,  of  this  table,  point  out 
the  circumstances  in  which  the  experiments  were  made,  or  the 
result  of  the  experiments,  and  require  no  explanation. 

The  gases  which  passed  througli  the  calorimeter  having  been 
measured  at  temperatures  somewhat  different,  we  have  in  the 
fourth  column,  in  order  to  make  them  more  capable  of  compari- 
son with  each  other,  brought  the  numbers  of  the  second  column 
to  what  they  would  have  been  if  we  had  measured  all  the  gases 
at  the  freezing  temperature. 

The  sixth  column  indicates  the,stationary  temperature  to  which 
each  current  of  gas  brought  the  calorimeter.  The  reader  will 
recollect  that  we  determined  this  temperature  by  means  of  two 
series  of  observations,  one  in  which  the  c$loriipetec  bping  al  little 
below  this  stationary  temperature,  the  ratted  the  elev&tiGnl  of  its 
temperature  was  observed ;  another  in  'which  tlie  calorimeter 
being  a  little  elevated  above  this  temperature,  the  rate  jof  its 
cooling  was  equally  observed.  To  form  ian  idea  of  the  way  of 
obtaining  this  determination,  the  reader  may  consult  Note  2  at 
the  end  of  this  paper,  in  which  Are  given  the  details  of  the  first 
experiment  made  upon  atmospherical  air. 

The  numbers  composing  the  tenth  column  have  been  calcu- 
lated on  the  supposition  that  the  effect  produced  upon  the  calori- 
meter was  proportional  to  the  quantity  of  gas  which  passed 
through  It,  and  to  the  number  of  degrees  of  heat  lost  by  the  gas 
— a  supposition  that  cannot  be  disputed  when  it  relates  to  so 
small  differences.  . 

The  numbers  composing  the  eleventh  column  were  calculated 
by  means  of  a  formula,  which  w^ill  be  explained  in  Section  V, 
which  contains  the  experiments  made  upon  the  specific  heat  of 
air  subjected  to  different  pressures. 

Tliis  last  column,  expressing  the  stationary  temperature  at 
which  each  current  maintained  the  calorimeter,  the  circum- 
stances being  exactly  the  same,  we  are  entitled  to  conclude,  from 
the  principles  which  we  have  explained,  that  the  numbers  which 
it  contains  are  proportional  to  the  specific  heat  of  tlie  gases. 
Hence  the  specific  heat  of  atmospheric  air  being  I'OOO,  that  of 
the  gases  examined  is  as  follows : — 

Of  the  same  bulk.        Of  the  same  weight. 

Air 1-0000 1-0000 

Hydrogen   0-9033 1 2-3401 

Carbonic  acid 1-2583 0-8280 

Oxygen .  .0-9765 0-8848 

Azote 1-0000* 1-0818 


*  The  specific  heat  of  azotic  gas  was  not  determined  by  a  direct  e^tperi- 
ment.  We  huye  cuusidered  it  as  equal  to  that  of  the  same  b\xVW  ol  a\m.^^^^x\K.^ 

T  2 
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Of  the  same  bulk.        Of  the  same  weight. 

Gaseous  oxide  of  azote 1-3503 0"8878 

Olefiant  gas 1-5530 1-5763 

Carbonic  oxide   1-0340 1-0805* 


{To  be  coHtinued.) 


^ 


Article  X. 

Account  of  a  singular  Effect  of  Voltaic  Electricity  on  n  slender 
Platina  Wire.  By  George  John  Singer,  Lecturer  on  £xpe« 
rimental  Philosopliy. 

(To  Dr.  Thomson.) 

SIR, 

During  a  series  of  experiments  on  the  effect  of  various 
mediums  on  the  ignition  of  platina  by  voltaic  electricity,  a  wire 
of  that  metal  -erJ-o^th  of  an  inch  diameter  and  three  inches  long 
was  extended  in  the  centre  of  a  globular  receiver,  which  con- 
tained about  22  cubic  inches  of  hydrogen  gas. 

The  wire  was  then  placed  in  the  circuit  of  a  voltaic  battery  of 
such  power  as  (it  had  been  previously  ascertained)  would  produce 
a  white  heat  on  a  similar  length  when  exposed  in  the  open 
atmosphere. 

On  completing  the  circuit  there  was  not  any  appearance  of 
ignition,  but  the  wire  vibrated  strongly,  and  suddenly  <exliibited 
a  most  extraordinary  result ;  near  two  inches  of  its  length  being 
^ split  into  a  bundle  of  minute  fibres,  irregularly  diverging  from  a 
central  thicker  portion,  and  continuing  attached  to  the  remaining 
wire  at  each  extremity,  so  as  to  assume  the  form  of  a  lengthened 
spheroid,  corresponding  in  appearance  to  an  electrified  bundle  of 
threads  having  their  ends  fastened  together.  The  fibres  were  so 
minute  as  to  be  scarcely  visible  to  the  unassisted  eye,  when 
viewed  separately.  One  of  these  being  compared  under  a 
microscope  with  a  fine  wire  drawn  by  Dr.  Wollaston*s  process,( 
was  found  to  have  a  diameter  of  less  than  the  5000th  part  of  an 
inch. 

In  the  course  of  innumerable  experiments  on  the  fusion  of 
wires  by  common  electricity,  I  have  observed  no  similar  eflect  > 

air ;  became  it  ctmstitutes  ^.ths  of  air,  and  because  the  specific  heat  of  oxygen 
differs  but  little  from  that  of  air. 

*  To  calculate  the  specific  heats  of  the  same  weights  of  the  gases  we  have 
•n^lo^ped  the  specific  gravity  of  olefiant  gas  given  by  Saussure  in  the  Ann.  de  - 
-m.lxKtill.^7,  «iid  tbe  specific  gravity  of  the  otbcir  gaseii  given  in  the  Men. 
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but  I  am  informed  by  Mr.  Cutbbertson  that  he  has  occasionally 
splintered  iron  wires;  and  I  find  that  Mr.  Brook  noticed  die 
same  circumstance  with  steel  wire,  in  two  experiments  out  of 
73,  published  in  the  year  1797.  The  splinters  he  produced  are 
described  as  about  -Jg^th  of  an  inch  long. 

I  shall  not  at  present  speculate  on  this  phenomenon,  which 
seems  to  prove,  by  the  expansive  effect  produced,  that  in  certain 
cases  at  least  electricity  passes  through  the  substance^^of  solid 
matter;  and  in  such  passage  displays  most  unequivocally  the 
action  of  a  material  power. 

I  remain.  Sir,  your's,  &c. 

PrinceS'Streety  Cavendish'Square,  G.  J.  Singer. 

August  9,  1813. 


Article  XI. 


Q9  the  Daltonian  Theory  of  Definite  Proportions  in  Chemical 
Compounds.     By  Thomas"  Thomson,  M.D.  F.R,S. 

{^Continued  from  p.  171.) 

Wb  have  no  data  for  determining  the  composition  of  the 
phosphurets,  those  only  excepted  which  h^ve  been  given  in  a 
preceding  part  of  the  table.  No  metallic  carburets  are  knowa 
to  exist.  There  can  be  little  doubt  that  plumbago  is  in  fact  a 
pure  charcoal,  and  that  the  small  quantity  of  iron  which  it 
contains  is  only  accidentally  present.  A  carburet  of  iron,  sup- 
posing it  composed  of  an  atom  of  each  element,  would  consist  of 

Iron 89-875 

Carbon   , 10-125 


100-000 


But  we  are  not  acquainted  with  any  such  compound.  Messrs. 
Allen  andPepys  found  that  100  parts  of  plumbago,  when  burnt, 
left  a  residue  of  5  parts.  If  we  suppose  this  residue  to  be  per- 
oxide of  iron,  it  will  be  equivalent  to  3*45  parts  of  iron. 
According  to  this  statement  the  plumbago  consisted  of  96*55 
parts  of  charcoal  and  3-45  parts  of  iron.  This  amounts  to  about 
248  atoms  of  carbon  combined  with  1  atom  of  iron.  We  may 
be  quite  certain  that  so  great  a  number  of  atoms  of  carbon  never 
could  come  in  contact  with  one  atom  of  iron,  and  that  therefore 
such  a  compound  cannot  exist :  besides,  we  are  not  sure  that 
this  residue  consisted  of  oxide  of  iron.    Schrader>  in  an  analysis 


< 
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of  plumbago  inserted  in  the  Annals  of  Philosophy^  vol.  i.  p.  294, . 
has  £hown  that  thi^  residue  is  of  a  complicated  nature,  consisting 
of  oxide  of  iron,  oxide  of  titanium,  silica,  and  alumina. 

From-  Mr.  Mushet's  experiments  it  seems  to  follow  that  the 
compound  of  iron  and  carb^n^  the  hardness  of  which  is  a 
maximum,  the  colour  whitp,  and  the  texture  cryipillized,  is  a 
compound  of  about  7  atoms  of  iron  and  1  of  carbon.  Steel,  if 
any  confidence  can  be  put  in  the  experiments  hitherto  made  to 
determine  its  composition,  seems  to  consist  of  I  atom  of  carbon 
united  with  from  10  to  13  atoms  of  iron,  according  to  the  nature 
of  the  steel :  but  these  chemical  analyses  are  still  too  imperfect 
to  permit  us  to  place  the  different  varieties  of  steel  and  cast-iron 
in  our  table. 

I  shall  proceed  therefore  to  the  salts,  many  of  which  have 
been  analysed  with  great  care,  and  which  constitute  the  best 
established  department  of  chemical  science. 

Genus  h^-^Sulphaies. 

Sulphuric  acid,  it  will  be  seen  from  our  table  {Annals  of 
V'hilosophyy  vol.  ii.  p.  44),  is  composed  of  1  atom  of  sulphur 
and  3  atoms  of  oxygen,  and  the  weight  of  an  integrant  particle 
of  it  is  5-000. 

Number  of  Weight  of  an 

atoms.  integrant  partieie. 

164.  Sulphate  of  potash  . 1  s  +  1  p   H'OOO  * 

165.  Supersulphateofpotash..2  5  +  1  p    16-000^ 

166.  Sulphate  of  soda 1  s  +  2  so 20764  *" 

167.  Sulphate  of  ammonia  ...l5  +  2a    7'2S4  ^ 


*- 


*  I  found  by  a  careful  analysis  of  sulphate  of  potash,  fused 
previously  in  a  platinum  crucible,  that  100  parts  of  it  contained 
42-2  of  acid  and  50- i  of  potash.  Now  5:6::  42*2  :  50'62; 
which  corresponds  with  the  analysis  very  nearly.  In  giving  the 
weight  of  an  integrant  particle  of  the  salts  I  have  been  obliged 
to  omit  the  water  of  ciystallization,  because  it  has  been  accu- 
rately determined  in  a  very  small  number  of  salts  only. 

^  Dr.  Wollaston  has  shown  that  in  this  salt  the  quantity  erf 
acid  is  just  double  what  exists  in  tlic  sulphate. 

^  According  to  Wenzel,  sulphate  of  soda  is  composed  of  100 
acid   +   7^*32  base ;  according  to  Berzelius,  of  100  acid  + 

79-34  base.  Now  5  :  7*882  ::  100: 157*64,  and  —^  =  78-82. 

Now  this  is  the  mean  of  the  two  experiments. 

**  According  to  Berzelius  {Giltert's  Annalen^  xl.  282),  this 
«alt  is  composed  of  100  acid  -f  42*561  ammonia.    Now  100 : 


* 
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Number  of  Weight  of  an 

atoms.  integ;rai]t  particle. 

s  +    {  m 7-368  * 

s  +    I  I    ......  8-620  f 

s  +    I  b    14-731  » 

s  +   I   5/r......l  1-900  *• 

s  +    I  a   7-136* 

s  +  2  a 9-272 

5  +  I  y    13-400* 

5  +  I  g  8-600 

5  +  1  «  10-656 


168.  Sulphate  of  magiMesia  .  • . 

169.  Sulphate  of  )ime 

1 70.  Sulphate  of  barytes   .... 
171*  Sulphate  of  strontian  • . , 

172.  Sulfftkate  of  alumina 

173.  Subsulphate  of  alumina , . 
J  74.  Sulphate  of  yttria 

175.  Sulphate  of  glucina  .... 

1 76.  Sulpliate  of  zirconia  .... 

177.  Alum   45+2a+lp  30-272 ' 


Q.IQQ 

42-561  ::  5  :  2*  128,  and  ~  =  1-064,  which  differs  but  little 

from  the  weight  of  an  atom  of  ammonia. 

*  According  to  Dr.  Henry,  sulphate  of  magnesia  is  composed 
of  100  acid  +  47*36  base.  This  exactly  agrees  with  the  state- 
ment in  the  table  :  nor  could  it  be  otherwise,  as  the  weight  of 
magnesia  was  estimated  from  thai  analysis.     Berzelius  makes  it 

,  100  acid  +  5006  base.     {Gilbert's' A  nmden^  vol.  xl.  p.  256  ) 
^  This  coincides  almost  exactly  with  the  analysis  of  Berzelius, 
He  found  sulphate  of  lime  composed  of   100  acid  -{-   72*41 
base.     Now  5  :  3-620  ::  100  :  7240. 

8  This  coincides  with  the  analysis  of  Berzelius,  who  found 
sulphate  of  barytes  composed  of  100  acid  +  194  base.  Now: 
5  :  9'731  ::  100:  194  62. 

^  The  weight  of  strontian  was  deduced  from  the  supposition 
that  the  sulphate  of  strontian  is  comyx)sed  of  100  acid  -|-  138 
base.  Of  course  the  number  in  the  table  is  conformable  to  that 
supposition. 

*  According  to  Berzelius,  sulphate  of  alumina  is  composed  of 
100  Qcid  -j-  42*722  alumina.  {Gilbeit's  Annaleuy  vol.  xl. 
p.  262.)  Supposing  the  salt  composed  as  in  the  table,  the 
number  representing  an  atom  of  alumina  should  be  2  136. 

^  Neither  this  nor  the  two  following  salts  have  been  hitherto 
analysed ;  but  I  have  inserted  them  in  the  table,  stating  their 
composition  from  the  very  probable  analogy  that  they  are  com- 
posed of  1  atom  of  acid  united  to  1  atom  of  base ;  this  being 
the  case  with  all  the  preceding  neutral  salts  in  the  table,  except 
the  sulphate  of  soda. 

^  This  seems  to  be  a  combination  of  an  integrant  particle  of 
three  different  salts  :  namely,  1st.  Sulphate  of  potash,  composed 
of  1  ^  +  \  p,  2d.  Sulphate  of  alumina,  composed  of  1  5  -{-  Iff. 
3d.  Supersulphate  of  alumina,  composed  of  2  i  •\-  I  a.    These 
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Number  of  Weight  of  an 

atoms.  iotegrant  particle. 

178.  Sulphate  of  potash-and-?  ^  ^  i    \  p  ^  \a  17-142  - 
ammonia \  ^ 

179.  Sulphate ofpotash-and- 7  3  ^  ^   \  p  ^  2m  25736  ^ 
magnesia \  '^ 

180.  Sulphate  of  soda-and-7  y  ^         \  so  ^  ^  a  57-616 • 
ammonia S  ' 

181.  Sulphate  of  .soda-and- 1  ^  ^        ^  50  + 3m  42-868» 
m<\gnesia 3 

182.  Sulphate  of  magnesia-  >  3  ^        2  m  +  1  a    20-878  V 
and-ammonia ^ 

183.  Supersulphate  of  copper  2  5  -f   1  c    20-000  ' 


lidded  together  constitute  the  atoms  given  in  the  table :  so  that  if 
precedmg  analyses  be  correct,  this  is  tlie  most  complicated  salt 
known. 

"  1  conceive  the  triple  salts  to  be  formed  by  the  union  of  an 
integrant  particle  of  one  salt  with  an  integrant  particle  of  an-» 
other.  The  present  salt  consists  of  an  atom  of  sulphate  of 
potash  united  with  an  atom  of  sulphate  of  ammonia.  If  this 
be  correct  it  should  contain  60  parts  sulphate  of  potash  and  33*5 
sulphate  ot*  ammonia.  According  to  Link,  it  contains  60  sul- 
phate of  potash  and  40  sulphate  of  ammonia.  No  great  differ* 
ience,  if  we  consider  the  difficulty  of  the  analysis. 

'  "  According  to  Link,  this  salt  contains  3  parts  of  sulphate  of 
potash  and  4  parts  of  sulphate  of  magnesia.  Hence  it  consists 
of  1  atom  sulphate  of  potash  and  2  atoms  sulphate  of  magnesia, 

®  According  to  Lipk,  tiiis  salt  consists  of  5  parts  sulphate  of 
soda  and  9  parts  of  sulphate  of  ammonia.  If  so  it  is  a  com* 
pound  of  1  atom  sulphate  of  soda  and  6  atoms  sulphate  of 
^mmpnia. 

p  According  to  Link,  this  salt  consists  of  5  parts  of  sulphate 
of  soda  and  6  parts  of  sulphate  of  magnesia.  If  so  it  must  be 
a  compound  of  I  atom  of  sulphate  of  soda  and  3  atoms  of  sul- 
phate of  magnesia. 

^  According  to  Fourcroy,  this  salt  is  composed  of  68  parts  of 
sulphate  of  magnesia  and  32  parts  of  sulphate  of  ammonia.  If 
so  it  must  be  a  compound  pf  2  atoms  of  sulphate  of  magnesia 
and  1  atompf  sulphate  of  ammonia. 

'  As  an  atom  of  sulphuric  acid  weighs  5,  and  an  atom  of 
peroxide  of  popper  weighs  10,  this  salt  ought  to  be  composed  of 
equal  weights  of  acid  and  base,  Now  according  to  Proust  it 
PQI^sists  of  33  Qcid  -f  3S  oxide  \  according  to  Bprzelius,  pf  4D*t 
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Number  of  Weight  of  an 

atoms.  integrant  particle* 

184.  Sulphate  of  copper    . .  •  .1  5  +   1  c  15'000  • 

185.  Subsulphate  of  copper  .  A  s  +   2  c  25*000  * 

186.  Supereiilphate  of  iron  . .  .2  5  +    I  i  18'666  » 

187.  Sulphate  of  iron 1  5   -j-    la  13-€66  ^ 

188.  Subsulphate  of  iron 2  s  -f  3  i  35-9S.9  ^ 

189.  Persupersulphate  of  iron  3  5   H-    1  i  ^ 24*666' 

190.  Sulphate  of  lead 2^+1/  37*974  * 

191.  Sulphate  of  zinc 1  s  -^   \  z  . . . .  ..10*SJ5  ^ 


acid  +  50*9  oxide.  The  mean  of  this  gives  us  almost  exactly 
the  numbers  in  the  table. 
-  •  This  salt  is  given  from  analogy,  never  having  been  analysedl 
^  According  to  Proust,  it  is  composed  of  18  acid  and  68 
(K^ide.  Now  5  :  20  ::  18  :  72.  This  approaches  pretty  nearly 
to  the  number  found  by  Proust. 

*  According  to  the  analysis  of  Berzelius,  this  salt  is  composed 
of  100  parts  acid  +  88  oxide  of  iron.  Now  5  X  2  =  10  : 
8-666  ::  100  :  86*660.  This  is  within  1^  percent,  of  Berzelius' 
analysis. 

*  We  are  not  acquainted  with  this  salt.  Supposing  it  to  exist, 
its  composition  must  be  as  stated  in  the  table. 

y  The  numbers  in  the  table  correspond  nearly  with  the  ana- 
lysis of  this  salt  by  Berzelius.  {Ann.  de  Chim.  Ixxviii.  223.) 
According  to  him,  it  is  composed  of  100  acid  -f-  26S  oxide* 

Kow  100  :  266  ::  5  X  2  :  266;  and  —  =  8-866,  a  number 

nearly  agreeing  with  the  weight  of  deutoxide  of  iron.  At  the 
sdme  time  I  entertain  some  suspicions  of  the  accuracy  of  Ber- 
zelius' experiment. 

*  I  distinguish  the  salts  containing  peroxides  by  prefixing  the 
syllable  per  to  the  name.  The  persupersulphate  of  iron  means 
a  salt  composed  of  sulphuric  acid  and  peroxide  of  iron  with 
excess  of  acid.  The  result  in  the  table  is  derived  from  the  ana- 
lysis of  Berzelius.  He  found  it  composed  of  100  acid  4-  65*5 
peroxide.  Now  100  :  65-5  ::  5  X  3  =  15  :  9825.  And 
9-825  differs  very  little  from  9'666,  the  weight  of  an  atom  of 
peroxide  of  iron. 

*  According  to  the  analysis  of  Berzelius,  sulphate  of  lead  is 
composed  of  100  acid  +  280  yellow  oxide  of  lead.  {Ann.  de 
C/iim.  Ixxvii.  83.)  Now  100  :  280  ::  5  x  2  =  10  :  28.  And 
the  weight  of  an  integrant  particle  of  yellow  oxide  of  lead, 
according  to  the  table,  is  27*974. 

^  I  found  sulphate  of  zinc  to  contain  25-8  acid  +  28*2  oxide. 
Now  5  (the  weight  of  an  atom  of  acid)  :  5315  (the  weight  of 
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Namber  of  Weight  of  an 

atoms.  integraot  particle. 

192.  Sulphate  of  mercurv 1  5+1  m 31-000*^ 

193.  Persulphate  of  mercury  ..l5+lm 32-000  ^ 

194.  Sulphate  of  silver 1  5  +   1  si 18-618  • 

195.  Sulphate  of  bismuth Is+li    14-994  ' 

196.  Sulphate  of  nickel 1  s  +   I  n  10623  « 

197.  Sulphate  of  cobalt 2  s  -{-   I  c    ..  19326  »» 

198.  Sulphate  of  manganese  .  .2  s  +   I  m 19-130* 


an  atom  of  oxide  of  zinc)  ::  25-8  :  27*425.  This  differs  but 
little  from  the  result  which  I  obtained. 

^  According  to  Berzelius  {Larbok  i  Kemien,  ii.  355),  this 
salt  is  composed  of  16  acid  +  84  oxide.  Now  5  :  26  ::  16  : 
83*2.    Hence  the  composition  of  the  salt  is  obvious. 

^  These  numbers  are  given  from  theory.  We  have  no  good 
analysis  of  tvrpeth  mineraL  If  the  numbers  in  the  table  be 
correct,  it  ought  to  be  a  compound  of 

Sulphuric  acid    15*625 

Peroxide  of  mercury 84-375 


100000 


Now  Berzelius  gives  us  12  acid  +  88  oxide  {Larlok  i  JKe- 
mieUj  ii.  364),  which  does  not  differ  very  much  from  our 
numbers.  The  composition  of  the  other  mercurial  sulphates  has 
not  been  determined. 

*  According  to  Berzelius,  this  salt  is  composed  of  25-78  acid 
+  74-22  oxide.  Now  5  :  13-618  ::  25*78  :  70-214.  So  that 
the  numbers  in  the  table  approach  very  closely  to  the  analysis  of 
Berzelius. 

'  According  to  Lagerhjelm,  sulphate  of  bismuth  is  composed 
of  33*647  acid  +  66-353  oxide.  Now  if  we  suppose  it  a  com- 
pound of  one  integrant  particle  of  acid  and  one  of  oxide  hs 
composition  would  be  33*347  acid  -f  66-653  oxide. 

8  The  best  analysis  of  this  salt  that  we  have  is  that  of  Tup- 

puti.     According  to  him,  it  is  composed  of  53*4  acid  +  46*6 

oxide.    The  numbers  in  the  table  suppose  its  constitution  to  be 

•   47*058  acid  -f-  52  942  oxide.     Nearly  the  inverse  of  Tupputi*s 

analysis. 

^  According  to  the  analysis  of  Rolhoff,  this  salt  is  composed 
of  52*11  acid  +  47'89  oxide.  Supposing  it  to  consist  of  2 
atbrhs  acid  and  1  atom  oxide,  its  constituents  would  be  51*744 
'•cW;+  48-256  oxide.  This  differs  but  little  from  the  analysis. 
^^  Aceording  to  John,  this  salt  is  composed  of  52*06  acid  + 
i7*M  oodde.    Supposing  its  constitution  as  stated  in  the  table,  it 
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'  Number  of  "Weight  of  an 

atoms.  integrant  particle. 

199.  Sulphate  of  uranium  ....  1  s  ■{-   I  u   .. . . .  .20'000  *^ 

200.  Persulphate  of  platinum .  .2  ^  +    1  p   .24-161  * 

These  37  are  all  the  sulphates  which  I  can  venture  to  insert 
into  the  table.  The  remaining  sulphates  have  been  so  imper- 
fectly examined  that  we  are  still  ignorant  of  the  pro|>ortions  in 
which  their  constituents  unite.  I  think  therci  is  reason  to  believe 
that  neither  the  oxides  of  arsenic,  tungsten,  molybdenum,  nor 
chromium,  combine  with  sulphuric  acid  so  as  to  form  sulphates. 
The  oxides  of  these  metals  possess  properties  more  analogous  to 
acids  than  to  bases.  1  think  the  same  observation  applies  to  the 
oxides  of  antimony.  Probably  a  sulphate  of  tin  exists ;  but  it 
has  never  been  analysed.  The  same  observation  applies  to  the 
sulphate  of  gold.  The  other  metals,  namely,  paUadiuniy' rhi^ 
diumy  irtdiunij  osmium^  tellurktm^  columlmm,  and  cerikm*  Aire 
still  too  scarce  to  expect  an  accurate  knowledge  of  the  salts 
which  their  oxides  are  capable  of  forminjg. 

We  have  it  now  in  our  power  to  examine  into  one  of  the 
canons  advanced  by  Berzelius,  and  upon  which  he  has  laid  a 
great  deal  of  stress  in  some  of  his  late  chemical  dissertations. 
His  canon  is,  that  when  two  bodies  contain! rig  oxygen  combine, 
the  quantity  of  oxygen  in  each  is  equal,  or  the  quantity  of 
oxygen  ;in  the  one  is  twice,  thrice,  four  times,  &c.  as  great 
as  the  quantity  in  the  other. 

The  following  table  exhibits  the  respective  quantities  of  oxygen 
in  each  of  the  constituents  of  all  the  sulpliates  the  composition 
of  which  we  have  just  given. 

Weight  of  oxygen  Ditto  in  the 

in  the  acid.  base.. 

1.  Sulphate  of  potash ........  3    >  1 

2.  Supersulphate  of  potash ....  6    1 


would  be  composed  of  52*726  acid  4-  47*274  oxide.  A  coinci- 
dence as  near  as  could  be  expected. 

^  According  to  the  analysis  of  Bucholz,  sulphate  of  uranium 
consists  of  22- i  acid  -f  77*9  peroxide.  If  the  statement  in  the 
table  be  correct,  it  should  be  composed  of  25  acid  +  75  oxide. 

^  According  to  the  analysis  of  Berzelius  {Ldrbok  i  Kemierij  ii. 
428),  this  salt  is  composed  of  41*223  acid  -h  5S'777  peroxide 
of  platinum.  Now  if  the  supposition  in  the  table  be  true^  it 
ought  to  consist  of  41-389  acid  -f  68-611  acid  5  a  proportion 
which  almost  coincides  with  the  numbers  obtained  by  Berzeliu3 
experimentally. 

1 
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Weight  of  oxygen  Ditto  in  tbtf 

io  the  acid.  base. 

3.  Sulphate  of  soda 3  •  •  • . .  4 

4.  Sulphate  of  ammonia 3 

5.  Sulphate  of  magnesia 3  1 

6.  Sulphate  of  lime 3  •  •  •  •  JL 

7*  Sulphate  of  barytes 3  1 

S.  Sulphate  of  strontian 3  1 

9.  Sulphate  of  alumina 3  1 

10.  Subsulphateof  alumina ....  3 2 

11.  Sulphate  of  yttria 3  1 

12.  Sulphate  of  glucina    3  . . ; 1 

13.  Sulphate  of  zirconia 3  1 

14^  Supersulphate  of  copper ....  6  2 

15.  Sulphate  of  copper 3  2 

IG.  Suhsulphate  of  copper 3 4 

17-  Supersulphate  of  iron 6  , 2 

18.  Sulphate  of  iron 3  2 

19.  Suhsulphate  of  iron 6  .,...  G 

20.  Persupersulphate  of  iron  •  •  •  9  3 

21.  Sulphate  of  lead G ....  2 

22.  Sulphate  of  zinc 3  1 

23.  Sulphate  of  mercury 3  1 

24.  Persulphate  of  mercury ....  3  2 

25.  Sulphate  of  silver 3  1 

2G.  Sulphate  of  bismuth  ......  3  1 

27.  Sulphate  of  nickel 3  2 

28.  Sulphate  of  cobalt ....  G  2 

29.  Sulphate  of  manganese ....  G  2 

30.  Sulphafte  of  uranium 3  3 

31.  Persulphate  of  platinum ....  G 2 

By  casting  our  eye  over  this  table  we  find  that  the  canon  of 
Berzelius  holds  in  all  the  examples  in  the  table  except  seven. 
The  first  of  these  is  sulphate  of  soda.  1  think  it  is  pretty  well 
established  that  sulphuric  acid  is  a  compound  of  1  atom  of 
5ulphur  and  3  atoms  of  oxygen.  While  all  the  experiments 
hitherto  made  lead  to  the  conclusion  that  sbda  is  a  compound  of 
1  atom  of  sodium  and  2  atoms  of  oxygen.  Now  if  these  con- 
clusions be  well  founded,  as  I  think  they  are,  Berzellus's  canon 
could  not  hold  with  respect  to  sulphate  of  soda,  unless  it  were  a 
compound  of  2  integrant  particles  of  sulphuric  acid  and  1  inte- 
grant particle  of  soda,  which  is  just  the  inverse  of  its  real  com- 
position. Indeed,  if  the  canon  held  good,  it  would  follow  as  a 
consequence  that  an  integrant  particle  of  sulphuric  acid  is  in  all 
cases  incapable  of  uniting  to  an  integrant  particle  of  a  deutoxide. 
"^b  rule  indeed  seems  to  bold  with  respect  to  iron^  lead,  cobalt^ 
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manganese,  and  platinum;  for  we  find  the  deutdxide  of  these 
metals  combine  not  with  1  but  with  2  integrant  particles  of  sul- 
phuric acid.  Hence  it  is  probable  that  the  sulphate  of  iron  given 
in  the  table  does  not  exist. 

If  we  examine  the  notes  under  the  table  of  the  composition  of 
the  salts  it  will  be  seen  that  none  of  the  other  six  exceptions  to 
the  canon  of  Berzelius  can  be  considered  as  valid  ;  because  they 
are  either  stated  from  mere  theory,  or  they  do  not  agree  with  the 
analyses  oi  the  salts  in  question  hitherto  published. 

Upon  the  whole,  then,  the  sulphates  furnish  one  decisive 
exception  to  Berzelius's  canon.  This  canon  appears  to  me  at 
present  entirely  empyrical.  I  cannot  see  any  sound  reason 
(different  from  the  result  of  analyses)  that  should  lead  us  to 
adopt  it.  Hence  the  knowledge  of  this  exception  disposes  me 
at  present  to  reject  it;  but  we  shall  be  able  to  judge  with  more 
correctness  after  we  have  examined  a  few  more  genera  of  salts, 
especially  the  nitrates,  upon  the  analysis  of  which  Berzelius 
leems  to  me  to  have  founded  it. 

(To  be  continued.) 
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Magnetical  Observations  at  Hackney  Wick.    By  Col.  Beaufoy^ 

Magnetical  Observations. 

Latitude  51«  32'  40"  Nort|i.     Longitude  West  in  Time  6"-iVo« 

1813. 


Month. 


Morning  Obsefv. 


Hour.     Variation. 


35' 

58 

50 

50 

55 

52 

27 

35 

45 

55 


240 

24 
24 
24 
24 
24 
24 
24 
24 
24 


15'  35" 
15  31 


50  24 

55  !^4 


15 
16 
15 
15 
15 
15 
16 
16 
16 
16 


34 
30 
01 
18 
25 
25 
34 
01 
13 
21 


Noon  Observ, 


Hour.      Varitition. 


2»»  05' 
2    05 
2     05 


2     00 


24°  21'    52" 
24    22     38 
24    24    33 


24    23     15 


2 
2 
2 
1 

2 


00  '24  25  02 

35  j24  24  07 

00  |24  24  25 

57  '24  24  56 

00  24  23  40 


Evening  Observ. 


Hour.      Variation. 


6»»  40' 
6    57 
6    45 


6 
6 
6 
6 
6 


55 

50 
35 
40 
55 


6     45 
6     15 


24'»   16'   49" 
24     17    06 
24     13    01 


24  16  35 

24  18  16 

24  17  04 

24  16  48 

24  16  23 

24  15  13 

24  15  51 


Mean   of 
Observations 
^    ia  Augi 


Morning    at    S^  44' Variation  24»   15'    58" 

Noon  at     2     02 UiUo  24     23     32 

lAcniflg     a^    7     03 Dttta  24     16    08 
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ObtenratioBS 
in  July. 


Magnetical  Observationii 

Mornins  at  9>  37' YariatioB  24» 

Noon  at  1  50 Ditto  84 

Evraing  at  7  06 Ditto  84 

Morning  at  8  30...^  Ditto  24 

Noon  at  1  33 Ditto  24 

Evening  at  7  04 Ditto  24 

r  Morning  at  8  22 Ditto  24 

^Nooo  at  1  37 Ditto  24 

( Evening  at  6  14 Ditto  24 

'Morning  at  8  31  ...^  Ditto  24 

Noon  at  0  59 Ditto  24 

Evening  at  5  46 Ditto  24 


[6c4. 


14'  ^ 

23  04 

13  55 

12  35 

22  17 

10  04 

12  02 

20  54 

13  47 
09  18 

21  12 
15  25 


Magnetical  Observations  continued. 


Morning  Obscrv. 

Noon  Observ, 

• 

Evening  Observ. 

Month. 

1 

( 

Hour. 

Variation. 

Hour. 

Variation. 

Hour. 

Variation. 

Sept. 

8» 

50' 

24» 

17' 

09" 

gb 

33' 

24* 

21' 

30" 

-^h 

/ 

—J* 

/ 

_i, 

Ditto 

V 

8 

50 

24 

15 

17 

~~ 

— 

.— . 

— 

— 

—— 

— 

..— 

— 

'Ditto 

3 

8 

45 

y4 

18 

11 

2 

00 

24 

zs 

11 

6 

32 

24 

17 

48 

DiKo 

4 

8 

50 

^4 

14 

58 

— , 

-~ 

•» 

~ 

._ 

6 

25 

24 

16 

52 

'  l>ilto 

5 

8 

48 

24 

14 

10 

2 

00 

24 

aa 

15 

.^ 

.i>. 

— 

— . 

Ditto 

6 

9 

05 

24 

18 

00 

— 

— 

i.~ 

6 

18 

24 

17 

44 

Ditto 

7 

8 

45 

1-4 

20 

10 

2 

Oi 

24 

21 

35 

6 

05 

24 

15 

30 

DiltO 

8 

8 

55 

r^ 

16 

27 

*0 

02 

24 

22 

20 

— — 

-~ 

— 

— 

Ditto 

0 

S 

50 

^>4 

14 

12 

I 

55 

24 

20 

30 

6 

07 

24 

14 

16 

Ditto 

10 

8 

55 

l24 

17 

02 

1 

5.) 

24 

22 

44 

6 

10 

24 

18 

06 

Ditto 

n 

s 

55 

^1 

16 

51 

10 

24 

22 

00 

6 

07 

24 

17 

53 

Ditto 

\2 

8 

50 

1^^^ 

15 

26 

1 

50 

24 

24 

02 

6 

15 

24 

17 

52 

Ditto 

13 

8 

45 

2.1. 

l(S 

24 

2 

OS    24 

22 

56 

6 

20 

24 

15 

17 

Ditto 

14 

8 

55 

|24 

15 

20 

1 

40  124 

2.j 

55 

5 

55 

24 

14 

25 

Ditto 

15 

9 

00 

24 

15 

40 

2 

05    24 

22 

31 

6 

10 

24 

15 

39 

Ditto 

16 

9 

15 

j24 

16 

11 

1 

!« 

15 

24 

15 

23 

Ditto 

ITi  9 

55 

'24 

l.S 

12 

2 

10    24 

23 

03  '  6 

05 

'24 

17 

15 

In  deducing  the  mean  variation  for  the  month  of  August  the 
ohservations  made  on  the  1st  are  rejected,  on  accoubt  of  their 
differing  so  much  from  the  others.  On  the  6th  September  the 
wind  blew  very  hard  from  the  S.W,  and  tlie  needles  at  intervals 
vibrated  from  four  to  five  minutes.  Does  not,  therefore,  the 
unsteadiness  of  the  wind  arise  partly  from  electricity  ?  It  is  not 
every  gust  of  wind  that  will  produce  a  vibratory  motion. 

Rain  fallen  J  ^'^J^^^^"  "°«"  *>^  *1»^  ^^t  Aug.  )  ^.^^     .  ^ 

I  BeUveen  noon  of  the  1st  Sept.  J      *^  *   mcucs. 

Evaporation  bet^veen  the  same  periods  2*70  inches. 
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Article  XIII- 

Proceedings  of  Philosophical  Societies. 

IMPERIAL    INSTITUTE  OF   FRANCE. 

Account  of  the  Labours  of  the  French  Institute  for  I8I2. 

{Continued  fr^m  p.  16.) 
ZOOLOGY,  ANATOMY,   AND   ANIMAL   PHYSIOLOGY. 

M.  le  Chevalier  GeofFroy-Saint-Hilaire,  who  has  examined  at 
Yarious  intervals  the  numerous  family  of  bats,  and  has  made  us 
acquainted  with  so  many  interesting  species,  proposes  to  give  a 
general  table  of  them.     He  has  prefaced  this  undertaking  with 
a  dissertation  on  the  rank  which  these  singular  animals  ought  to 
hold  among  the  mammalia.      They  were  long  considered  as 
intermediate  between  quadrupeds  and   birds.       It  is   equally 
obvious  that  they  hold  an  intermediate  place  between  the  quad- 
rumania  and  carnivorous  animals.    Among  the  numerous  ar- 
rangements proposed  by  naturalists,  there  are  some,  as  that  of 
Linnaeus  in  his  last  editions,  and  that  of  Brisson,  in  which  the 
bats  are  classed  along  with  the  quadrumania ;  in  others,  as  that 
^   of  Linnaeus  in  his  first  editions,  and  that  of  Klein,  they  are 
placed  with  the  small  carnivorous  animals,  or  eaters  of  insects^ 
as  the  mole  and  the  hedgehog.     Some,  as  Storr  and  Cuvier, 
place  them  at  the  head  of  carnivorous  animals,  before  the  insect 
eaters  just  mentioned,  and  immediately  after  the  quadrumania; 
with  this  difference,  however,  that  Cuvier  distinguishes  them 
more  particularly,  and  makes  a  subdivision  of  them.     Others,  ag 
Ray,  Blumenbach,   Lacepede,  and  lliger,   constitute   them  a 
separate  order ;  and  tliis  order  is  placed  by  Ray  and  by  Lacepede 
in  some  measure  out  of  the  arrangement.     By  Blumenbach 
between  the  quadrumania  and  the  other  inguicula,  at  the  head 
of  which  this  naturalist  places  the  rongeur^.     Finally,  M.  lliger 
places  them  before  the  carnivorous  animals,  at  the  head  of  which 
are  placed,  as  in  the  arrangement  of  Cuvier,  the  devourers  of 
insects. 

It  is  easy  to  see  that  all  these  combinations  will  depend  upon 
those  organs  to  which  each  naturalist  has  paid  the  greatest  atten- 
tion. Those  who  have  chiefly  attended  to  the  skeleton,  to  the 
intestines,  to  the  organization  of  the  feet,  to  the  form  of  the 
nails,  to  the  grinders,  have  considered  the  bats  as  analogous  to 
carnivorous  animals  (and  this  is  the  opinion  at  present  most  fol- 
lowed) ;  while  those  who  have  attended  only  to  the  fore-teeth, 
to  the  position  of  the  mammae,  to  the  hanging  penb,  have  con- 
sidered them  as  analogous  to  x\\q  quadrumania. 
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M.  Geoffroy,  in  the  work  of  which  we  have  spoken^  insists 
more  than  usual  upon  these  last  relations,  to  which  he  thinks 
sufBcient  attention  lias  not  been  paid.  He  shows  particularly 
that  the  singular  elongation  of  the  anterior  extremities^  the 
general  tendency  of  tlie  skin  to  become  excessively  wide,  and 
the  peculiar  properties  which  are  the  consequence  of  this  in  the 
bats,  both  with  respect  to  their  sensations  and  niotions,  require 
us  to  place  these  mammalia  in  a  separate  order ;  while,  at  the 
same  time,  their  striking  resemblance  to  the  quadrumania,  and 
to  the  carnivorous  animals,  requires  that  this  order  should  be 
placed  between  them.  VVe  may  look  with  interest  to  the  sub- 
division of  this  order,  and  to  the  history  of  the  species,  wbidb 
M.  Geoffroy  has  promised. 

M.  de  la  Mark,  employed  at  the  Museum  of  Natural  History 
in  teaching  every  thing  which  concerns  the  animals  destitute  of 
vertebne,  published,  some  years  ago,  the  work  which  serves  as  a 
basis  to  his  course.  He  explains  in  it,  according  to  his  own 
method,  the  classes,  orders,  and  genera,  of  these  numerous 
animals :  but  as  travellers  have  since  discovered  many  genera 
and  species,  as  anatomists  have  more  completely  explained  the 
structure,  and  as  the  meditations  of  la  Mark  on  the  subject  have 
made  him  discover  various  new  relations  among  these  animals,  he 
has  published  an  abridged  table  of  hb  course,  after  his  method 
in  its  most  perfect  state,  in  which  he  satisfies  himself  with  giving 
the  characters  of  the  greater  divisions,  and  simply  enumerating 
the  names  of  the  genera. 

He  follows  in  their  arrangement  the  degrees  of  complicate- 
ness,  beginning  with  the  most  simple  animals.  Supposing  that 
those  which  have  no  visible  nerves  only  move  in  consequence  of 
their  irritability,  he  calls  them  apathic  animals.  He  gives  the 
name  of  sensiiie  animals  to  the  other  animals  without  vertebrae, 
and  of  intelligent  animals  to  those  which  have  vertebrae.  'To 
his  old  classes,  now  well  known  to  naturalists,  he  adds  the 
cirrhipeddf  which  include  the  glands-de  mei'^  and  other  analogous 
animals,  and  which  he  places  between  his  annelides  and  his 
mollusca;  that  of  the  epizoaines^  or  intesiinal  worms,  which  he 
places  among  his  apathic  animals;  and  the  infusoria^  or  micro- 
scopic animals  without  visible  mouth  or  intestines.  He  leaves 
the  eck'modermes  in  his  radiaires^  and  among  the  apathic  animals, 
with  a  greater  degree  of  simplicity  than  the  intestinal  worms* 
We  regret  that  we  have  not  room  to  notice  the  other  changes 
introduced  by  M.  de  la  Mark  into  his  orders,  nor  the  numerous 
additions  which  he  has  made  to  the  list  of  genera ;  but  natu- 
ralists will  not  fail  to  look  for  them  in  the  work  itself. 

Notwithstanding  the  success  of  the  anatomical  investigations 

of  anitnals  without  vertebrae  for  several  years  back,  there  stilf 

itaudned  a  &mily  in  vrblcb  tVic  l\ii\d^\iv^v\Ul  organs  were  not 
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well  known.     It  is  the  family  called  eckinodermesy  which  com- 

trehends  the  §tar-(ish,  and  other  analogous  genera.  The  Class, 
aving  proposed  a  prize  for  the  perfecting  of  this  branch  of 
comparative  anatomy,  it  was  gained  by  M.  lledeman.  Professor 
in  the  University  of  Landshiitj  Tlie  memoir  of* this  skilful' 
anatomist  makes  us  accurately  acquainted,  for  the  first  timej 
With  many  particulars  respecting  the  organization!  of  these  sin* 
gular  animals.  A  species  of  circulation  is  easily  observed  between 
their  organs  of  digestion  and  those  of  respiration,  without,  how- 
ever, offering  a  complete  double  circle.  Nor  can  the  branches 
be  followed  in  the  exterior  organs,  nor  in  those  of  motion.  It 
appears  even,  according  to  M.  Tiedeman,  that  a  quite  different 
vascular  system  is  distributed  to  those  numerous  peduncles  which 
in  these  animals  serve  for  instruments  of  locomotion. 

The  organs  of  respiration  differ  much  in  different  genera.  In 
tfee  holothuria  they  represent  hollow  trees,  whose  branches  fill 
and  empty  themselves  with  water  from  without,  arid  are  inter- 
laced with  a  vascular  net.  In  the  stars  and  urchins  the  water' 
penetrates  immediately  into  the  cavity  of  the  body,  and  moistens 
all  the  parts  of  it. 

This  beautiful  work,  accompanied  by  plates  exquisiteiy  finished 
by  M.  Munz,  Doctor  of  Medicine,  appeared  to  the  Class  to 
deserve  the  prize,  by  the  number  of  new  facts  well  authenticated 
which  it  presents,  and  by  the  great  progress  which  it  has  mad(i 
to  the  intimate  knowledge  of  the  echinodermes,  though  it  has 
not  completely  answered  the  question  proposed  relative  to  their 
circulation. 

A  family  much  more  simple  in  its  organization  than  the 
echinodermes,  but  much  more  numerous  in  species,  namely,  the 
corals  J  and  other  animals  composed  of  a  solid  basis,  has  been 
particularly  studied  by  M.  Lamouroux,  both  with  respect  to  the 
species  and  the  methodical  arrangement.  This  naturalist  has 
made  a  great  collection  of  those  whose  basis  is  not  stony,  and 
which  present  forms  so  agreeable,  and  often  so  singular ;  and 
comparing  with  much  care  the  form,  the  mutual  position,  of  the 
cells  from  which  the  polj^i  issue,  and  all  the  other  visible 
differences  of  these  animals,  he  proposes  to  add  28  new  genera. 
This  is  an  important  work  for  the  perfecting  of  the  system  of 
animals ;  but  it  does  not,  from  its  nature,  admit  of  an  abridged 
analysis.     We  are  anxious  for  its  speedy  publication. 

M.  Cuvier,  proposing  soon  to  begin  printing  the  great  book 
on  comparative  anatomy  with  which  he  has  been  occupied  for  so 
many  years,  has  presented  to  the  Class  a  table  of  the  divisions 
according  to  which  the  animal  kingdom  will  be  distributed  in 
that  work.  Naturalists  have  been  long  struck  with  the  great 
differences  which  separate  animals  without  vertebra  from  eacli 
'Other,  while  animals  with  vertebrae  resemble  each  other  in  so 

V0L.IIWIV.  U 
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many  respects.  Hence  a  great  difficulty  in  generalizing  that 
branch  of  comparative  anatomy,  while  it  is  easy  to  generalize 
what  relates  to  the  animals  with  veitebrfle.  But  this  difficulty 
has  suggested  its  own  remedy.  Frohi  the  manner  in  which  the 
propositions  relative  to  each  organ  are  always  grouped,  M.  Cuvier 
concludes  that  there  exist  among  animals  four  principal  forms. . 
The  first  is  that  which  is  known  under  the  name  of  animals  with 
vertebrae ;  and  the  three  others  are  nearly  simitar  to  it  in  the 
ufniformity  of  their  respective  plans.  The  autiior  calls  diem 
tnolhiscay  articulated  animals^  and  radiated  animcls,  or  ^tioophites. 
He  subdivides  each  of  these  forms  or  branches  into  four  classes, 
from  motives  nearly  similar  to  those  which  have  produced  the 
four  classes  generally  adopted  among  the  animab  with  vertebrae. 
He  has  drawn  from  this  disposition^  in  some  respects  symmetric 
cal^  a  great  facility  in  reducing  under  general  rules  the  difre<- 
rences  of  organization. 

The  comparison  which  the  same  author  has  made  of  thj^ 
osteology  of  the  animals  with  vertebrae,  has  given  him  ideas 
respecting  the  bony  structure  of  the  heads  in  this  class,  which 
he  nas  likewise  presented  to  the  Class. 

It  had  been  for  some  time  observed  tliat  the  oviparous  animak 
with  vertebrae,  that  is  to  say,  birds,  reptiles,  and  fishes,  had 
certain  common  relations  in  their  structure  which  distinguished 
*  them  from  the  mammalia.  M.  Geoffroy-Saint-Hilaire  had  even 
presented  some  years  ago  an  elaborate  essay  on  the  subject^  of 
which  an  account  was  formerly  given,  in  which,  among  other 
things,  he  had  shown  the  identity  of  the  structure  of  the  heads 
of  oviparous  animals,  and  the  resemblance  in  the  numerous 
pieces  which  enter  into  their  composition,  with  that  of  those 
which  we  distinguish  in  the  foetus  of  mammalia,  where,  as  is 
known,  the  bones  are  much  more  subdivided  than  in  adults. 

M.  Cuvier,  adopting  the  views  of  M.  Geoffroy,  has  tried  to 
determine  in  an  accurate  manner  to  what  bone  of  the  head  of 
mammalia  corresponds  each  group  of  bones  in  the  head  of  the 
different  oviparous  animal^ ;  and  he  conceives  he  has  succeeded, 
by  joining  to  the  analogy  of  the  fo^us  of  the  first  the  considera- 
tion of  tlie  position  and  of  the  functions  of  the  bones ;  that  is  to 
say,  by  examining  what  organs  they  protect,  to  what  nerves  and 
vessels  they  give  passage,  and  to  what  muscles  they  furnish 
attachments. 

M.  Jacobsen,  Surgeon-Major  in  the  armies  of  the  King  of 
Denmark,  has  made  known  to  .the  Class  an  org^n  which  he 
discovered  in  the  nostrils  of  quadrupeds,  with  which  no  ana- 
tomist seems  to  have  been  acquainted.  It  consists  in  a  narrow 
sack  placed  along  the  canal  of  the  nose,  defended  by  a  trarti- 
la^nous  production,  covered  internally  by  a  mucous  membrane^. 
wubJed  iQ  part  by  a  glandular  tissue^-  receiving  remaikabje 
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nerves,  with  distinct  divisioiis  of  the  first  pair,  and  which  ope^n  most 
oommonlj  into  the  palate,  behind  the  fore-teedi,  by  a  canal  which 
passes  through  the  hold  called  incisive  t)y  anatomists.  This  orgaa 
does  not  exist  in  man,  and  is  more  distinct  in  most  herbivorous 
animals  than  in  the  carnivorous.  We  must  su^^se  that  it  is 
connected  with  soioe  of  those  faculties  which  nature  has  given  to 
quadrupeds,  but  denied  to  our  species,  as  that  of  rejecting  poi* 
soqous  substances,  of  distinguishing  the  sex,  th^  state  of  heat,  &c. 

The  particular  history  of  animals  is  enriched  with  important 
works  and  interesting  observations. 

Mt  de  Humboldt^  Foreign  Associate,  has  published  the  first 
volume  of  iiis  Observations  on  ths  Animals  of  America^  in  whicU 
he  has  inserted  not  only  his  different  researches  on  the  condor^ 
the  electric  eel,  the  crocodile^  and  many  other  objects  of  whicb 
w^  have  spoken  in  opr  preceding  analyses ;  but  he  has  likewis^ 
given  several  new  memoirs,  namely,  on  the  apes  of  the  New 
World,  of  which  i^uffon  aiid  Gmelin  only  made  known  11  or  12 
species,  but  which  Humboldt,  uniting  his  observations  witl^ 
those  of  Azzara  and  Geofiroy-Saint-Hilaire,  makes  46.  He 
has  recently  read  to  the  Class  another  memoir,  intended  for  hii 
second  volume,  in  which  he  describeis  new  species  of  serpen^ 
that  he.  found  in  Guyana. 

The  tempests  which  agitated  the  sea  last  winter  threw  ashore 
several  large  cetaceous  fish  upon  our  coasts.  The  Cl^ss  appoint^, 
'  as  a  commission  to  examine  the  facts  which  were  received  re- 
spejCtipg  these  animals,  MM.  le  Comte  Lacepede,  Geoffiroy- 
rSaint«Hilaire,  and  Cuvier. 
.  These  naturalists  h^^ve  observed  that  severaf  of  the^e  animals 
were  formerly  unknown,  aod  that  this  subject,  which  might  be 
interesting  .to  our  fisheries  and  our  commerce,  deserved  to  draw 
the  attention  of  Government.  They  gave  a  description  of  a 
species  thrown  ashore  in  great  numbers  near  St.  Brieux.  M« 
Lemaout,  naturalist  and  apothecary  in  that  city,  having  collected 
with  much  care  all  the  essential  parts,  it  was  easy  to  recognise  a 
species  of  dolphin  hitherto  unknown  to  naturalists,  and  of  which 
there  only  existed  a  bad  figure  in  the  treatise  on  fishes  by  Duha- 
mel.  It  is  distinguished  by  the  globular  form .  of  the  head, 
almost  similar  to  an  ancient  helmet.     Its  length  is  about  20  j(e^t. 

We  noticed  last  year  the  researches  of  M.  Lamouroux  on  the 
innumerable  and  very  small  eels,  known  at  the  mouths  of  some 
of  our  rivers  by  the  name  of  mmitee^  and  we  announced  the 
.  probability  that  they  might  belong,  to  some  of  the  little  knowa 
species  of  this  genus.  M.  Lai^ouroux  has  determined  by  new 
experiments  that  the  montee  is  the  fry  of  the  pirnpemeau^  a 
species  of  eel  noticed  by  Lacepede  in  his  history  of  fishes,  and 
which  isLdistinguished  from  the  others  by  its  pectoral  fins  being 
=:•  hollowed  out  like  the  wings  of  bats« 

tJ  2  ' 
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M.  Risso,  naturalist  at  Nice,  who  published  two  years  ago  aa 
excellent  work  on  the  fishes  of  that  coast,  has  just  sent  another 
to  the  Class  on  the  crustacese,  that  is  to  say,  on  the  animals  of 
the  crab  family.  M.  Risso  adopts  in  his  arrangement  the  method 
hf  Latreiile,  to  which  he  adds  four  new  genera.  He  describes 
100  species,  about  the  half  of  which  appear  new  to  him :  16 
are  represented  in  coloured  plates.  The  Class,  in  applauding 
the  zeal  with  which  M.  Risso,  in  a  situation  so  unp'ropitious,  has 
endeavoured  to  make\  known  the  animals  of  the  Mediterraneaq, 
still  so  little  studied,  would  at  the  same  time  have  desired  more 
precision  in  the  descriptions,  before  acknowledging  the  novelty 
of  so  great  a  number  of  species. 

■    TTie  ancients  speak   much  of   an    insect  which  they   call 
hiprestesy  or  burst-ox^  because,  according  to  them,  it  made  the 
cattle  burst  who  swallowed  it  with  the  grass;  but  they  hsive 
given  us  no  detailed  description   of   it.     The  modems  have 
applied  this  name  very  variously ;  nor  does  it  appear  that  any  of 
them  has  recognised  the  insect  to  which  it  truly  belonged.     M. 
Latreiile,  after  a  eareful  comparison  of  the  passages  in  which  the 
properties  ascribed  to  it  are  mentioned  with  what  we  know  at 
present,  thinks  that  it  was  probably  the  mehe  proscarahceus  of 
Linneeus,  or  some  similar  species.      The  metoe  are  the  only 
insects  possessing  acrid  and  suspicious  properties  that  live  among 
the  grass,  and  move  so  slowly  as  to  be  easily  swallowed  by  cattle. 
Our  associate  M.  de  la  Billardiere,  who  employs  himself  in 
bringing  up  bees,    having  observed  one  whose  abdomen  was 
larger  than  usual,  found  in  it  a  white  worm,  which  M .  Bote 
examined.     The  body  of  this  worm  was  white,  divided  into  12 
rings,  flattened  below,  terminated  at  one  extremity  by  two  large 
tubercles,  pierced  each  with  an  oval  hole,  and  at  the  other  by 
two  soft  points.     Under  the  tubercles  is  a  transverse  slit.     M. 
Bosc,  regarding  this  slit  as  tlic  mouth,  considers  the  part  ter- 
minated by  two  points  as  that  where  ought  to  be  the  anus  j  and 
ranging  the  animal  among  intestinal  worms,  he  makes  a  new 
genus  of  it,  under  the  name  of  dipodimn.     He  admits,  however, 
"  that  it  is  possible  that  the  organs  may  in  fact  be  reversed,  apd 
then  the  worm  would  much  resemble  the  larvae  of  flies  with  two 
wings.      There  is  reason  to  believe,  from  the  observations  of 
Latreiile,  that  the  larva  of  one  of  these  flies  (the  canopsferjU" 
ginosa)  lives  in  the  interior  of  the  drones.  *  It  is  very  remarkable 
that  s6  large  a  worm  should  inhabit  the  body  of  an  insect  so 
small  as  a  i)ee. 

The  portion  of  digestion  which  takes  place  in  the  stomach 

must  have  early  attracted  the  attention  of  physiologists,  and 

recourse  was  had  successively  to  all  the  powers  of  nature  to 

-  explain  it.     It  was  long  ascribed  to  the  muscular  trituration  of 

the  stomach;  but  Reaumur  having  remarked  that  food  contained 
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in  incompressible  tubes,  open  at  the  two  ends,  was  digested  like 
other  food,  the  general  opinion  since  that  time  has  been  that  th^ 
food  was  dissolved  by  means  of  a  juice  secreted  by  the  sti)nmch.* 

Spallanzani,  in  a  very  celebrated  work,  having  applied  the 
.  gastric  juice  out  of  the  stomach  to  every  kind  of  food,  affirmed 
that  It  produced,  when  assisted  by  heat^  effects  nearly  similaT^to 
those  produced  in  the  stomach  itself.  This  philosopher  wtnt  so 
far  as  to  ascribe  to  this  gastric  juice,  thus  separated,  the  pro^ 
perty  of  stopping  putrefaction.  He  drew  this  conclusion  from 
nis  observations,  which  has  been  tacitly  adopted  by  most  phj:- 
siologists,  that  the  gastric  juice  produces  its  effects  in  conse- 
quence of  its  peculiar  nature,  of  its  composition,  and  affinities.' 

M.  de  Montegre,  Doctor  of  Medicine,  having  the  power  of 
throwing  lip,  without  inconvenience,  what  he  has  in  his  stomachy 
las  thought  of  employing  this  power  in  order  to  determine  the 
different  points  of  the  received  doctrine  respecting  diuestioir. 
When  he  throws  up  the  contents  of  his  stomach  while  fasting  be 
pbtains  a  notable  quantity  of  a  liquid  which  he  considers  as  true 
gastric  juice,  and  which  he  examined  with  respect  to  its  chemif 
cal  properties  as  well  as  its  action  on  the  food^ 

He  found  this  liquid  very  similar  to  saUva ;  but  its  actioh 
apneared  to  him  very  different  from  the  suitement  of  Spallanzan|. 
When  exposed  to  a  temperature  similar  to  that  of  the  huu:an 
body,  in  phials  placed  under  the  armpit,  it  putrefied  exactly  T^ke 
saliva.  It'  did  ndt  stop  the  course  of  putrefaction  in  other  tulf- 
stances,  except  when  it  was  acid  ;  and  by  adding  a  little  vinega^r 
to  saliva  it  was  made  to  pqssess  the  same  property.  This  acidity 
is  not  essential;  and  when  M.  de  Montegre  swallowed  enough 
of  magnesia  to  absorb  it  the  digestion  went  on  as  well  as  usual. 
Acidity  appeared  again  in  a  little  time  :  even' when  M.  de  Mon- 
tegre mfxed  the  food  which  he  swallowed  with  magnesia  it 
became  acid  after  a  sufficient  time. 

These  experiments,  repealed  a  great  number  of  times,  and 
with  all  the  requisite  precautions,  have  induced  the  auth.>r  to 
conclude  that  the  gastric  juice  does  not  differ  from  saliva,  tliat  it 
cannot  stop  putrefaction,  nor  produce  digestion  independent  of 
the  vital  action  of  the  stomach;  and  that  the  acidity  \\hich 
>  appears,  and  which  the  food  evolves  during  digestion,  is  ah 
effect  of  the  action  of  the  stomach. 

It  is  much  to  be  wished  that  M.  de  Montegre  would  continue 
his  researches,  and  make  them  also  upon  those  anin^als  that  Spal- 
lanzani employed,  that  we  may  determine  what  to  think  of  a 
doctrine  which  has  for  a  considerable  time  been  generally  em- 
braced. 

That  authors  may  be  able  to  verify  the  date  of  their  observa- 
tions, we  shall  bere  notice  some  memoirs  which  have  been  pre* 
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^Qted  to  the  Class,  but  of  which  the  verification  is  not  yet 
finished,  reserving  to  ourselves  the  liberty  of  returning  to  then) 
pext  year,  and  of  making  known  the  opinion  which  has  been 
formed  of  them. 

M.  de  Blainvilje,  Joint  Professor  to  this  Faculty  of  Scienpes 
pf  Paris,  has  described  at  full  length  the  forms  of  articulation  of 
the  fo)re-arm  and  ^rm  io  dififerent  apimals,  and  determined  the 
potk>Ds  which  each  pf  th^se  forms  makes  necessary,  chiefly 
with  regard  to  the  greater  or  sn^Uer  facility  of  rotation.  This 
dissertation,  on  a  point  of  importance  relative  tp  the  mcchanisni 
of  animals  is  interesting  also^  as  far  as  regards  their  classifipation; 
for  the  degree  of  rotation  of  the  fore-arm  having  considerable 
influence  on  the  adidre^s  of  the  animals,  ought  to  be  considered, 
jy  f%r  as  regards  the  degree  of  perfection^  and  of  courise  in- 
fluences their  natural  afiinities. 

The  same  anatomist  has  presented  4  merpoir  on  the  fo^m  of 
|he  sternum  in  birds.  As  this  bone,  or  rather  this  great  bony 
surface,  jre^ulting  (as  M.  Geofiiroy  has  shown)  from  the  union  of 
five  different  bones,  gives  origin  to  the  principal  niuscles  of  the 
)>jrd,  the  rnqre  «olid  and  eiKtended  it  i?,  the  more  soHd  a  point  of 
support  does  it  furnish  to  these  muscles,  and  the  more  ought  it 
to  contribute  to  render  the  flight  powerful.  It  ought  therefort 
to  have  an  influence  pver  the  whole  economy  of  the  bird,  and 
give  useful  indications  respecting  the  classiiication  of  these  ani- 
mals. j\|.  de  Blainville  draws  his  indications  from  the  mem- 
branous spaces,  more  or  less  extended,  which  supply  the  place 
of  bone  in  a  part  of  the  sternum.  He  adds  the  consideration  of  . 
the  fork,  and  of  some  organs  connected  with  it,  and  in  most 
cases  fipds  a  great  agreement  between  the  disposition  of  these 
parts  and  the  natural  families.  However,  there  exist  exceptions 
50  manifest  that  we  cannot  entirely  confide  in  this  new  way  of 
classification. 

M.  Alarcel  de  Serres,  Professor  to  the  Faculty  of  Sciences  of 
Montpelier,  has  drawn  up  a  laborious  work  on  the  anatomy  of 
insects,  and  particularly  on  their  intestinal  canal,  which  he  has 
described  with  much  detail  in  a  great  number  of  species.  His 
object  was  to  determipe  the  functions  peculiar  to  the  different 
jpirts  of  the  canal  and  its  appendages  ;  and,  besides  hi§  dissec- 
tioqs,  he  has  made  ingenious  experiments  on  living  individuals. 
Coloured  liquors  injected  into  the  cavity  of  the  peritoneum  were 
absorbed  by  long  slender  vessel?,  which  always  adhere  to  some 
ipart  of  the  intestinal  canal :  hence  he  conceives  that  the  use  of 
these  vessels  is  to  secrete  from  the  common  mass  of  humors 
digestive  liquors,  and  to  throw  them  into  the  canal.  An  atten- 
tive examination  of  certain  sacks,  which  in  some  genera  hayis 
been  considered  as  stomachs,  in  others  as  coeci^ms,  and  the  cer- 
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tainty  acquired  that  the  food  does  not  enter  there,  but  on  the 
contrary  that  they  are  found  full  of  bilious  Hquor^  has  indiiced 
M.  de  Serres  to  conclude  that  they  are  reservoirs  of  thitt  btimor. 

He  deprives  the  grasshoppers,  and  the  analogous  genera,  of  the 
quality  of  ruminating  animals,  which  had  been  ascribed  to  them,; 
and  he  has  convinced  himself  that  these  animals  do  not  bring  die 
food  back  to  the  mouth ;  but, that  they  throw  out  only  in  c^tanr 
circumstances  this  biliary  juice,  of  which  they  have  ^so  great  a 
quantity.  This  long  memoir  contaitis  many  other  curious  obser- 
vations oh  the  form  of  the  intestinal  canal,  the  proportions  of  its 
parts,  ^nd  their  relatioii  to  the  disposition  of  insects.  We  shall 
speak  <5f  it  with  detail  in  our  next  year's  analysis. 

M.  Dutrochet,  physician  at  Chateau-^Renaiid,  department  of 
the  Indre,  bas  made  a  curious  observation  on  the  gestation  of 
the  viper.  He  assiires  us  that  the  young  vipers  have  their  umbi- 
lical vessels  distributed  not  only  on  the  yoke  of  the  egg,  in  wUcb 
tliey  are  at  first  enclosed,  but  that  a  part  of  these  vessels  is  dis- 
tributed likewise  on  the  internal  surface  of  the  oviducts,  and 
Jbrn^s  a  net  which  may  be  considered  as  a  real  placenta.  The 
vipers  in  that  case  would  participate  in  the  mode  of  nutritioa 
peculiar  to  the  mammalia,  and  in  that  hitherto  conceived  to 
oelong  e:!iclusively  to  the  whole  class  of  oviparous  animals. 

{To  ^  continued,) 


Article  XIV. 

SCIENTIFIC    intelligence;    ANI>  NOTIGES  op  SUBJEdHK 

CONNECTED  WITH  SCIENCE. 

I.  Lectures, 

The  following  arrangements  have  been  made  for  lectures,  at 
the  Surrey  InsiUutioTiy  in  the  ensuing  season: — Mr,  I.  Mason 
Good,  on  the  Philosophy  of  Physics;  to  commence  on  Friday, 
the  5th  of  November,  and  to  be  continued  on  each  succeeding 
Friday. — Dr.  Thomson,  on  Chemistry ;  to  commence  on  Tues- 
day, the  9th  of  November,  and  to  be  continued  on  each  suc- 
ceeding Tuesday. — Mr.  Bake  well,  on  Natural  and  Experimental 
Philosophy  ;  to  commence  early  in  January,  1814. — iJr.  Crotch, 
on  Music;  early  in  February,   1814.  - 

William  Thomas  Brande,  F.R.S.  Prof.  Chem.  R.I.  will 
commence  his  course  of  Lectures  on  Chemical  Philosophy  at  the 
Theatre  of  Anatomy,  Windmill-street,  on  tlie  second  Tuesday 
in  October,  at  nine  in  the  morning.  They  will  be  continued 
every  Tuesday,>Thlirsday,  and  Saturday,  throughout  theseason, 


? 
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and  will  terminate  in  May.  The  course  is  divided  into  the  fire 
following  parts: — 1.  Of  tlie  Powers  and  Properties  of  Matter, 
and  the  General  JLaws  of  Chemical  C'hangcs.  2.  Undecom- 
poiinrled  Sub^tance^,  and  their  mutual  Combinations.  3.  Ve- 
getable Chemistry,    4.  Animal  Chemistry.     5.  Geolog3r.. 

Middlesex  tlospiiat. — ^The  Autumnal  Course  of  Lectures  ob 
Miowitery,  delivered  by  Dr.  Merriman^  Physician-Accoucheur 
to  thi?  Hospital,  and  to  the  Westminster  General  Dispensary, 
will  conm.i  itce  October  11th,  at  half-fxist  ten  o'clock. 

Qn  Motiday,  October  4,  a  Course  of  Lectures  on  Physic  and 
Chemistry  wi.l  pommence,  at  No.  9,  George-street :-*-On  the 
Hieripeu'ics  and  Practice  of  Physic,  from  eight  till  nine;  and 
tlie  Chemis'try  from  nine  till  ten.  By  George  Pearson,  M.D, 
F  K.6.  A  Register  is  kept  of  the  Cases  of  Patients  iq  St. 
Geonre's  t(p»pi'al,  ^nd  a  Clinical  Lecture  is  delivered  every 
jSaionlay  moining,  at  nine  o'clock. 

Mr.  r.  J.  Pcttigreyv  wiU  commence  a  coui^e  of  Lectures  on 
Human  Anatomy  and  Pliy^iology,  on  Wednesday,  the  20th  of 
October.  The  course,  to  l>e  couiprised  in  12  Lectures,  will  he 
delivered  on  Vv  erlnesday  and  Fridi^y  evenings,  at  eight  o'clock 

itcisely.     The  Inlroductory  Lecture  will  consist  of  a  Geineral 

iew.of  the  Aniaial  Structure,  to  which  there  will  be  free 
af^ml>^ion.  Panlv  uiars  respecting  the  Lectures  may  be  obtained 
by  a|)|  licaiioii  to  the  Lepturer,  Np  3,  Pplt- court,  Fleet-street. 

IJr.  irout  intends,  in  the  course  of  the  winter,  to  deliver  ft 
se:i'  s  of  Lcytures  on  Animal  Chemistry.  The  object  of  these 
L».ctriTs  v/ill  be  to  give  a  connected  view  of  all  the  principal 
iact^  bt  longipg  to  tbi?  department  of  cben»istry,  and  to  apply 
tljc/i,  as  \\r  Hs  t];e  present  state  of  our  knowledge  will  permit, 
ito  the  explanation  ot  the  piicnomena  of  organic  actions. 

Dr. ']  bopison  proposes  next  winter  to  give  a  Practical  Course 
of  (  hi  niistry  to  a  very  limited  number  of  young  Gentlemen, 
who  will  reside  in  his  house  during  its  continuance.  The  Course 
will  begin  on  tjie  Isi  of  January,  1814. 

II.  Neiv  Example  of  Combustion  during  Comhination. 

It  is  well  known  that  when  sulphur  is.  made  to  combine  with 
co[)j)et',  iron,  and  some  other  metals,  previously  reduced  to 
pow(l<M-,  and  well  mixed,  the  compound  becomes  red  hot,  and 
glows  like  a  live  coa!  just  at  the  instant  of  its  formation.  The 
WdX'Q  tiling  lakes  place  when  phosphorus  is  made  to  unite  with 
limf/,  l;aryt*.'Sy  and  strontian.  When  quicklime  is  slacked  in 
ol  scurity,  if  frequently  becomes  luminous ;  and  there  is  little 
doubt  that  the  same  thing  would  happen  to  barytes  and  strontian. 
Chcvreul  has  lately  observed  that  when  barytes  or  strontian  is 
heated  in  contact  with  muriatic  acid  gas,  the  gas  is  absorbed, 
foA  t|ie  earthy  salt  formed  becomes  red-hot.    Tl^re  can  be  liuk 
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doabt  that  this  evolution  of  heat  is  owiner  to  the  condensation  of 
the  gas.  It  i^  true  that  in  the  present  case  the  agency  ofoxvgen 
|s  not  excluded  ;  for  if  we  adopt  the  opinion  of  Davy  i^sp^^ing 
the  composition  of  muriatic  acid^  it  is  obvious  that  in  the  presetit 
case  a  double  decomposition  take^  place.  The  chlorine  of  the 
muriatic  acid  unites  with  the  metallic-  basis  of  the  barytes,  and 
Ibrms  barytane^  while  tlie  hydrogen  of  the  muriatic  acid  c&a^ 
bines  with  the  oxygen  of  the  barytes,  and  forms  watei*;  but  if 
we  consider  that  both  muriatic  acid  and  barytes  are  prodti<?ts  Of 
combustiob,  it  will  beoBvious  that  the  presence  of  the  oxygen 
«lane  cannot  account  for  the  light  had^  heat  evolved. 

III.  Camp/wrio  Acid. 

Camphoric  acid  was  discovered  by  Kosegarten,  and  afterwards 
examined  by  Bouillott  Lagrange.  Bucholz  has  lately  published 
the  result  of  his  experiments  on  this  acid,  which,  from  the 
bnown  precision  of  this  chemist,  deserve  to  be  stated  here. 
*  Camphoric  acid  is  white,  and  assiin»es  the  form  of  feathdr- 
shaped  crystals.  Its  taste  is  acid,  and  it  leaves  an  impression  b( 
bitterness  upon  the  palate.  It  dissolves  in  100  times  its  weight 
of  cold  water,  and  in  1 1  times  its  weight  of  boiling  water.  100 
parts  of  cold  alcohol  dissolve  16  of  camphoric  acid.  Boiling 
alcohol  is  capable  of  dissolving  any  quantity  of  it  whatever* 
When  camphoric  acid  is  sublimed,  it  is  partly  decon) posed,  and 
the  sublimed  portion  refuf^es  to  crystallize.     50  grains  of  cam- 

fihoric  acid  require  for  saturation  28  grains  of  carbonate  of 
ime  (or  15*7  grains  of  lime).  The  camphorate  of  lime 
has  an  excess  of  acid,  and  crystallizes  so  irregularly  that  the 
shape  of  the  crystals  could  not  be  determined.  Its  taste  is  some- 
what similar  to  that  of  lime,  and  not  the  least  saline.  When 
)ieated  it  does  not  melt,  but  is  converted  into  carbonate  of  lime. 
100  parts  of  cold  water  dissolve  21*6  of  this  camphorate. 

The  camphorate  of  potash  may  be  obtained  in  prismatic 
crystals  by  concentrating  the  solution,  and  setting  it  aside  for 
spontaneous  crystallization.  Its  taste  is  aromatic  and  bitter* 
When  heated  it  melts  in  its  water  of  crystallization. 

IV.  Church  Steeple  of  Greenwich. 

In  consequence  of  a  letter  from  a  correspondent,  I  was 
induced  to  make  some  inquiry  relative  to  the  accident  which 
befel  the  church  steeple  of  Greenwich  some  months  ago ;  but 
the  information  received  exhibited  no  novelty.  The  steeple  was 
Struck  with  lightning,  and  the  uppermost  part  of  it,  14  feet  in 
length,  >vas  thrown  down.  It  appears  that  a  bar  of  iron  passed 
from  the  top  of  the  steeple  14  feet  down.  Where  it  terminated, 
the  inischief  cqmraenced.  The  lightning,  in  making  its  way 
down^  had  tern  the  building  in  that  place.  It  got  afterwards  to 
some  wires  cotmected  with  Uie  bell,  vrVucVi  'wet^  \xi!^\R^* 


S14  Scientific  Intelligence*  [Oct. 

V.  Ulmin. 

Pr<rfessor  Berzelius  informs  me,  in  a  letter  which  I  lately 
received  from  him,  that  ulmin  is  a  vegetable  substance,  not 
confined  to  the  genus  ulmus,  but  that  it  forms  a  constituent  part 
of  the  barks  of  almost  all  trees.  He  found  it  in  the  bark  of  the 
cinchona  officinalis  {Jesuit's  bark),  and  in  that  of  the  pinus  syU 
vestris  {Scotch  fir).  It  cannot  be  discovered  by  the  usual  mode 
of  analysing  bark ;  because,  when  the  bark  is  disgested  in  hot 
water,  the  ulmin  combines  with  the  tannin  of  the  bark,  and  can 
be  no  longer  recognised  as  a  peculiar  substance.  If  we  begin 
the  analysis  by  digesting  the  bark  in  alcohol,  and  afterwards  in 
cold  water,  the  ulmin  remains  'undissolved,  and  may  be  after- 
'  wards  obtained  by  means  of  hot  water,  especially  if  that  water 
holds  a  little  alkaline  carbonate  in  solution.  The  properties 
which  I  found  the  substance  thus  obtained  to  possess  agree  nearly 
with  those  which  you  assign  to  ulmin.  ^  If/'  says  Dr.  Berze- 
lius, ^^  -you  think  this  subject  of  any  importance,  I  have  no 
doubt  that  my  friend  Dr.  Young  will  communicate  to  you  the 
details  of  my  comparative  analyses  of  these  two  barks,  which 
you  will  probably  find  interesting  in  other  respects  b^des  in 
those  particulars  which  relate  to  ulmin.'' 

VI.  Oxides  of  Gold. 

Professor  Berzelius  has  favoured  me  with  the  following  obscr-^ 
vations  on  the  account  of  the  oxides  of  gold  which  appeared  in- 
the  setfond  Number  of  the  Annals  of  Philosophy  : — '*  In  yoinr 
account  of  the  oxides  of  gold  you  have  done  me  the  honour  to 
quote  my  Manual  of  Chemistry  on  the  subject.    Though  1  am 
pnuch  flattered  by  the  circbmstance,  I  must  take  the  Sherty  to 
observe,  that  the  numbers  which  you  have  quoted  as  mine  ha^'e 
been  inaccurately  quoted.     In  mv  Manual  I  have  said  that  100 
parts  of  gold  combine  with  4  and  with  12  of  oxygen,  omitting 
the  fractions.      In  Davy's  Chemistry  the  result  of   the  same 
analyses  is  added  as  an  appendix,  but  by  an  error  of  the  press^ 
1 1-026  has  been  printed  instead  of  4*026. — You  have  given  the 
description   of   the   oxide  of  gold  from  Vauquelin.      Yet  M. 
Oberkampf,  whose  dissertation  you  likewise  quote,  has  proved  by 
decisive  experiments  that  what  Vautjuelin  considered  as  an  oxide 
of  gold  is  in  fact  a  submuriate.     I  have  verified  this  assertion  of 
Oberkampf.      The  oxide  of   gold  is  bbicki^h  brown,   and   is 
obtained  by  dropping  muriate  of  gold  into'a  solution  of  caustic 
potash  in  water. — ^IWards  the  end  of  that  article,  you  draw,  as 
a  consequence  from,  the  experiments  of  Oberkampf,  that  th* 
observation  which  I  have  made  respecting  the  ratio  of  the  spl- 
jhur  in  the  sulphuret,  and  the  oxygen  of  the  oxide  of  the  same 
j/^^1,  may.be  rejected  as  inaccurate  ip  consequence  of  the  want 
'■^'Mcmpond'ence  between  my  experiments  and  his,     A  sniall 
ite  in  the  iransltvtion)  \t  a^i^^tin,  W\:^  Qe^::e.^umed  an  error 
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pn  your  part.  I  never  made  use  of  the  word  protoxide^  which, 
though  ingenious,  does  not  answer  all  the  purppses  of  a  chemical 
term.  You  know  perhaps  that  I  divide  metallic  oxides  into 
suboxides^  oxides^  and  superoxides^^  and  that  the' class  of  sub- 
oxides never  could  be  compared  with  the  sulphurets.  As  to  th^ 
pretended  want  of  harmony  between  the  sulphuret  of  gold  ojf 
Pberkampf  and  my  analysis  of  the  oxide  of  gold^  I  beg  you  tQ 
observe  that  12'0/'7  (the  oxygen  that  combines  with  100  gold) 

X  2  =n  24*154;  but  Oberkampf  found  that  100  gold  are  com-- 
bined  in  the  sulphuret  with  24*39  of  sulphur.  Hence  the  expe- 
riments agree  sufficiently  well.f  If,  on  the  other  hand,  yojii 
mean  to  s^y  that  the  suboxide  of  gold  contains  only  4  oxygen, 
and  that  therefore  the  sulphuret  of  gold  ought  to  contain  only  8 
of  sidphur ;  I  must  observe,  that  in  decomposing  the  muriate 
pf  the  suboxide  by  hydrosulphuret  of  potash,  we  would  probably 
obtain  a  sulphuret  corresponding  with  the  suboxide,  just  as 
h(q>pens  when  we  decompose  in  that  manner  the  muriate  of  the 
suboxide  of  mercury.'* 

■  Professor  Berzelius  concludes  his  letter  a9  follows : — ^'  As  to 
your  intention  of  checking  the  propensity  of  chemists  to  gene- 
ralize too  much,  I  approve  it  exceedingly  ;  but  request  that  you 
will  not  extend  it  to  the  theory  of  chemical  proportions ;  becau^ 
it  is  either  general  or  null.  It  rather  requires  to  be  supported 
by  yibiir  credit,  since  the  disposition  of  chemists  appears  to  me 
little  disposed  to  acknowledge  its  truth •  I  have  been  publishing 
memciirs  on  the.  subject  on  the  continent  for  more  than  three, 
years,  withBut  having  hitherto,  as  far  as  I  know,  made  a  single 
proselyte.  I  do  not  speak  of  England,  where  the  explanations 
of  Dalton,  seconded  by  WoUaston  and  by  yourself,  have  begun 
to  acquire  some  credit." 

VII.  Alcohol  of  Sulphiir. 

My  chemical  readers  will  learn  with  pleasure  that  the  alcohol 

of  sulphur^  or  sulphuret  of  carbon,  which  has  of  late  been  made 

the  sul^ct  of  some  curious  experiments  by  Professor  Berzelius 

•p'nd  Dr.  Marcet,  is  prepared  and  sold  by  Mr.  William  Allen, 

Plough-court,  Lombard-street. 

VIII.  Gong. 

While 'looking  over  a  set  of  perman  Journals,  which  I  lately 
received  from  the  continent  by  the  way  pf  Sweden,  I  observed 

*  I  shall  take  a  future  opportunity  of  laying  Berzelius*8  chemic&l  nomen* 
clature  before  the  reader. — T. 

t  I  h;ivp  stated  my  opinion^  on  this  subject  at  length  in  the  7th  and  8th 
Numbers  of  ihe  Annals  of  Philosophy  (pages  32  and  109).  Berzelius  will 
Ihere  see  what  the  real  points  are  about  which  we  differ  in  opinion.  He  wU( 
see  loo  that  I  recognize  the  agreement  which  he  iias  here  pointed  oat« — T^ 
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an  analpb  by  Klaproth  of  what  he  called  die  gongi^i^. 
{Gefdttt's  Journal,  zecvnd  Series,  vol.  ix.  p.  408.)  From  th^ 
account  which  he  gives  of  this  iDstrament,  and  the  rrsnlt  of  his 
aoalysiK,  there  can  be  no  doubt  that  it  ^-as  the  same  as  that  of 
whiclj  I  gave  an  account  m  the  last  Nomher  of  tiie  Annals  of 
Pkihyophif.  Klaproth  found  the  specific  gnnty  of  die  goog 
which  he  examined  8'815.  It  was  not  so  heavy  a«  my  specimen^ 
the  reason  of  which  probably  was  that  it  contained  more  tin  j  far 
be  found  it  composed  of 

Copper 78 

Tin 22 
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IX.  Extract  of  a  Letter  from  Dr.  IfbUasimu 

The  following  letter  was  received  too  late  for  insertioD  in  our 
last  Number : — 

DEAR  SIR,  Jimgwti  S4,  1813. 

In  the  continuation  which  you  have  promised  of  the  experi- 
ments of  Messrs.  Deiaroche  and  Beiard  1  hope  yoa  will  correct 
a  mistake  they  are  under  concerning  die  invention  of  the  gazo- 
meter  they  employ. 

I  believe  that  the  contrivance  which  you  see  ascribed  tome 
(p.  91  of  the  Ann*  de  Chimie)  was  invented  at  Paris  by  Messrs. 
Girard  as  a  means  of  giving  uniform  pressure  in  a  hydrostatic 
lamp^  that  was  brought  into  this  country  about  two  yeais  sinc^ 

Believe  me  ever  truly  yours, 

W*  H.  W0L1.ASTON 


Article  XV. 


List  of  Patents^ 

Charles  Wilks,  of  Ballincollig,  Cork ;  for  certain  im- 
provements in  the  naves  of  wheels  for  carriages^  and  for  centres 
of  wheels  for  carriages^  and  for  centres  for  wheels  of  machinery 
for  various  purposes.    Dated  June  29,  1813. 

Jamks  Pknny,  l^w  Nuthwaite,  Lancaster,  and  Josbph 
Kbndal,  Cockcrshell,  Lancaster;  for  an  improved  principle  or 
plan  for  making  pill  and  other  small  boxes.  Dated  June  29, 
1813. 

John  Curb,  Sheffield ;  for  methods  of  applying  flat  ropes  to 
horse-gins,  and  perpendicular  df^m  shafts  of  steam  engines,  for 
:dcawing  coals,  minerals,  or  water,  out  of  mines,  whereby  tbe' 
1'  labour  is  greatly  diminished,  and  flat  ropes  working  on 
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jorse-gins  and  steam-engines,  constructed  with  the  said  perpen- 
licular  drum  shafts^  are  preserved  from  material  injury.  Dated 
[une29,  1813.  '^ 

Thomas  Tod,  Bristol,  for  a  machine  on  an  improved  con- 
struction for  the  purpose  of  separating  com,  grain,  and  seeds, 
koxa  the  straws.     Dated  June  29,  1813. 

Charles  WyAxr,  Bedford-row,  London;  for  a  method  of 
casing  or  facing  brick  and  other  buildings  with  stone.  Dated 
June  5,  1813. 

Ambrose  Tickell,  Lambeth ;  for  an  alarum  and  machinery 
for  the  discovery  and  detection  of  depredators  in  a  house  or 
premises.     Dated  July  1,  1813. 

Edward  Thomason,  Birmingham ;  for  various  improve- 
ments in  the  construction  of  whips.    Dated  July  3,  1313. 

Robert  Adams,  Holborn,  London ;  for  a  method  of  pre- 
paring blacking,  whereby  a  higher  polish  is  given,  and  the 
leather  better  preserved.  Dated  July  7^  1813. 
'  John  Millard,  Cheapside,  London ;  for  a  method  of  manu- 
facturing cotton  wool  free  from  mixture  lAto  cloth,  for  the  puy- 
pose  of  regulating  perspiration.     Dated  July  .14,  18l3. 

John  Clark,  Bridgewater,  Somerset;  for  a  method  pf 
making  or  constructing  beds,  pillows,  hammocks,  cushi^MOs,  and 
various  other  articles  of  that  sort,  in  a  different  manner,  and  of 
different  materials  from  any  hitherto  used.  Dated  July  14,  1818. 
Alexander  Moody,  Southwark,  tanner;  for  a  method  of 
tanning  or  dressing  white  buff  leather.     Dated  July  14,  ISIS. 

William  Godfrey  Knbller,  Croydon,  Surrey,  chemist; 
for  a  method  of  manufacturing  verdigris  of  the  same  quality 
as  is  known  in  commerce  by  the  name  of  French  verdigris. 
Dated  July  14,  1813. 

George  Ferguson  and  Joseph  Ashton,  Carlisle,  hatters ; 
for  an  improved,  light,  elastic,  water-proof  hat,  commonly  called 
a  beaver.    Dated  July  14,  1813. 

Robert  Prettyman,  Ipswich,  Suffolk ;  for  improvements  in 
the  pan,  touch-hole,  and  pan-cover,  of  a  gun  lock.  Dated  July 
19,  1813. 

Richard  Pering,  Dock-yard,  Stoke  Demerel,  Devon;  for 
an  anchor  made  on  new  principles;  which  consists,  first,  in  con- 
tinuing the  grain  of  iron  from  t\\e  shank  into  the  arms,  similar 
to  the  shape  of  a  knee  or  arm  of  a  tree,  whereby  the  necessi^ 
of  effecting  a  junction  at  the  crown,  as  at  present  welded,^  is 
superseded:  secondly,  in  carrying  a  piece  of  iron  across  the 
crown  from  the  centre  of  each  arm,  making  thereby  a  perfect 
truss,  which  when  Welded  resembles  the  form  of  a  truss  beam  : 
thirdly,  in  forming  both  the  shank  and  arms  of  flat  bars,  placed 
so  as  to  act  edgewise  on  the  line  of  resistance  when  the  anchor 
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is  in  the  ground  :  and  fourthly,  in  forming  the  largest  part  of 
the  shank  one-third  down  from  the  crown  in  a  line  across  from 
toe  to  toe  of  the  arms.     Dated  July  23,  1813. 

Frederick  Koenig,  of  Castle-street,  Finsbury-square, 
printer ;  for  certain  additional  improvements  on  his  method  of 
printing  by  meansx)f  machinery.     Dated  July  23,  1813. 

John  Lewis,  Llanelly,  Carmarthen;  for  certain  improve- 
inents  in  the  art  of  smelting  copper  ore.    Dated  July  23,  1813. 

Charles  James  Mason,  Lane  Delph,  near  Newcastle- 
wnder-Lyne,  potter ;  for  an  improvement  in  the  manufacture  of 
English  porcelain.    Dated  July  23^  1813. 


Article    XVI. 

SderUific  Books  in  hand,  or  in  the  Press, 

Mr.  Singer  has  in  the  Press  Elements  of  Electricity  and  Electro^ 
Chemistry,  including  Voltaic  Electricity,  or  Galvanism.  The 
work  will  contain  a  variety  of  original  experiments,  and  an  account 
of  a  New  System  of  Electrical  Insulation  recently  invented  by  the 
Author. 

Sir  Everard  Home  is  about  to  publish  his  Course  of  Lectures  on 
Comparative  Anatomy,  delivered  at  the  College  of  Physicians. 

Mr.  Dodsworth  is  preparing  for  the  Press  a  Description  of  Salis- 
bury Cathedral,  including  an  account  of  its  Monuments,  and  Bio- 
graphical Memoirs  of  the  Bishops,  in  a  Quarto  Volume,  with  about 
thirty  Engravings. 

Mr.  Clarke  proposes  to  publish,  an  Investigation  of  the  Mecha- 
nical Science  and  Historical  Descent  of  Architecture  in  England 
during  the  middle  ages,  in  a  Quarto  Volume,  with  about  thirty 
Engravings. 

The  Fourth  Volume  of  the  Transactions  of  the  Medical  and 
Chirurgical  Society  of  London  will  be  published  in  October. 

Mr.  Hopkirk,  Fellow  of  the  Linnean  Society,  and  Member  oi 
the  Wernerian  Natural  History  Society  of  Edinburgh,  is  speedily  to 
publish  Flora  Glottiana — a  Catalogue  of  the  Indigenous  Plants  on 
the  banks  of  the  river  Clyde,  and  in  the  Neighbourhood  of  the  City 
p£  Glasgow. 

A  New  Edition  of  Sir  William  Dugdale's  History  of  Embanking 
imd  jDraining,  with  a  continuation  to  the  present  time,  is  preparing 
£)r  publication. 

^.    \*  Early  Communications /or  this  Department  of  w^  Jmtmd, 
^giU  be  thank/Mf  received. 
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Article  XVII. 
METEOROLOGICAL  JOURNAL. 


lite  ob;ervBliaiH  io  eadi  line  of  Ibe  (able  apply  lo  a  period  o(  Ineuty-faor 
.iDiirs,  lip^inning  at  9  A.  M.  on  (he  day  indicated  in  llie  firil  columa.  A  ia^ 
^ant^i,  tbil  Ibe  r«!Ut(  ii  included  in  itie  oejtt  follonriog  oliiervatiiui. 
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REMARKS. 

Eighth  Month. — 19.  Cirrus  and  Cirrostratus  clouds  :  rather 
windy.  20.  Cumidostratus :  windy.  Cirrus  clouds,  very  red, 
at  sun-set.  21.  Windy.  22.  Cloudy  morning,  small  rain: 
showers  and  wind  :  rainbow  about  6  p.  m.  the  sky  richly 
coloured,  and  the  clouds  evaporating.  24.  Cumulus  during  the 
day  :  Cirrus  at  sun-set :  the  twilight  brilliant  and  coloured^  with 
traces  of  Cirrocvmulus  and  of  Stratus.  25.  Overcast,  with 
Cumulosfratm :  twilight  opake  and  coloured.  26.  Windy,  a.  m. 
Cumulostratus  clouds,  ifie  remains  of  which,  at  sun-set,  glowed 
with  a  succession  of  crimson  and  purple  tints,  on  a  full  orange 
ground.  27-  Windy,  a.  m. :  a  little  rain.  28.  Overcast:  much 
wind,  and  at  night  rain.  29.  Cumulostratus  clouds  chiefly :  a 
shower  or  two:  the  twilight  luminous,  but  opake,  and  sur- 
mounted by  a  blush  of  red,  considerably  elevated.  30.  a.  m. 
Cloudy. 

.Ninth  Month. — 1.  (At  Stratford.)  Slight  sliowers  in  the 
evening.  2.  Very  cloudy  morning.  5.  Heavy  rain,  after  6  p.  m. 
Lunar  halo.  6.  Rainy  morning:  high  wind.  j.  Still  much 
wind  :  showery.  9.  Very  fine  moonlight  night.  12.  Abundance 
of  CirrocumuhiSy  gradually  lowering,  and  arranged  in  close  lines 
from  S.  E.  to  N.  W.  14.  A  shower  in  the  evening.  16.  About 
five  p.  m.  a  solar  halo,  of  short  continuance :  the  sky  at  sun-set 
was  (as  usual  of  late)  much  coloured :  there  was  a  considerable 
diffused  redness  above  the  twilight,  and  some  portions. of  the 
clouds,  seen  against  this,  varied  from  the  usual  indigo  colour  to 
a  pale  olive  green :  an  indistinct  appearance  of  Nimbus  in  the 
E.  horizon. 

RESULTS. 

Prevailing  winds.  Northerly,  with  an  interruption  of  some  days 
continuance  from  the  southward,,  producing  for  the  time  a 
considerable  depression  of  the  barometer,  together  with  eleva- 
tion of  the  mean  temperature  and  rain. 

Barometer  :  greatest  height    30*29  inches; 

Least 29*25  inches; 

Mean  of  the  period 30*009  inches. 

Thermometer :  greatest  height .75° 

Least 40® 

Mean  of  the  period  . . .  .58-44® 
Evaporation^  2*63  inches.     Rain,  1*23  inches. 

*«  *  The  observations  from  the  30(h  of  the  eighth  month  to  the  close  of  tlie 
period  are  chiefly  those  of  my  friend  John  Gibson,  at  the  LAbonuory,. 
Stratford. 

Tottenham,  Ninth  Mouthy  18,  1813.  L.  HOWARD. 
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biographical  Account  of  Sir  Laac  Newton. 

{Continued  from  p,  24:1 .) 

At  the  Uiliverisity  of  CatiiWidge,  he  spent  the  greatest  part  of 
fas  time  in  his  closet ;  and  when  he  was  tired  with  the  severer 
studies  of  philosophy,  his  relief  and  amusement  was  going  to 
Some  other  study,  as  history,  chtonology,  divinity,  chemistry; 
1^11  of  Which  he  examined  with  the  greatest  attentidh,  as  appears 
by  the  liiany  papers  which  he  left  behind  him  on  those  subjects. 
After  his  coming  to  London,  All  the  time  that  he  had  to  spare 
from  his  business^  and  from  the  civilities  of  life,  in  which  he 
yivas  scrupulously  exact  and  cornplaisant^  was  employed  in  the 
same  way:  he  was  hardly  ever  alone  without  a  pen  in  his 
'  hand^  and  a  book  before  him  ;  and  in  all  the  studies  which  he 
undertook,  he  h^d  a  perseverance  and  patience  equal  to  his 
sagacity  and  invention.  His  niece,  afterwards  married  to  Mr. 
Conduitt^  who  succeeded  him  as  Master  of  th^  Mint,  lived  with 
him  about  twenty  years,  during  his  residence  in  London.  He 
always  lived  in  a  very  handsome,  generous  manner,  though  with- 
out ostentation  or  vanity ;  always  hospitable,  and,  upon  proper 
occasions,  he  gave  splendid  entertainments.  He  was  generous 
and  charitable  without  bounds ;  and  he  used  to  say,  that  they 
who  gave  away  nothing  till  they  dfed  never  gave.  This,  perhaps, 
was  one  reason  why  he  never  made  a  will.  Scarcely  any  man  of 
hb  circumstances  ever  gave  away  so  much,  during  his  own  life 
time,  in  alms,  in  encouraging  ingenuity  and  learning,  and  to  his 
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relations :  nor,  upon  all  occasions,  showed  a  greater  contempt  of 
his  own  ;noney,  or  a  more  scrupulous  frugality  of  that  which 
belonged  to  the  public,  or  to  any  society  he  was  entrusted  for. 
He  refused  pensions  and  additional  employments  that  were 
otfered  him ;  he  was  highly  honoured  and  respected  in  all  reigns, 
and  under  ail  administrations,  even  by  those  whom  he  opposed; 
for  in  every  situation  he  .showed  an  inflexible  attachment  to  the 
cause  of  liberty,  and  to  the  constitution  of  Great  Britain* 
<5eorge  the  Second,  and  Queen  Caroline,  showed  him  particular 
marks  of  their  favour  and  esteem,  and  often  conversed  with  him 
for  hours  together.  Queen  Caroline  in  particular,  who  was  so 
great  a  patroness  of  learned  mdn,  used  to  take  delight  in  his 
company,  and  was  accustomed  to  congratulate  herself  that  she 
lived  in  the  same  country,  and  at  the  same  time,  with  so  illus^ 
trious  a  person. 

Notwithstanding  the  extraordinary  honours  that  were  paid  him, 
he  had  so  humble  an  opinion  of  himself,  that  he  had  no  relish 
for  the  applause  which  he  received.  He  was  so  little  vain  and 
desirous  of  glory  from  any  of  his  works,  that  he  would  have  let 
others  run  away  with  the  glory  of  those  inventions  which  have 
done  so  much  honour  to  human  nature,  if  his  friends  and  coun- 
trymen had  not  been  more  jealous  than  he  was  of  his  own  glory, 
and  the  honour  of  his  country.  He  was  exceedingly  courteous 
and  affable,  even  to  the  lowest,  and  never  despised  any  man  fidr 
want  of  capacity ;  but  always  expressed  .freely  his  resentment 
against  any  immorality  or  impiety.  He  not  only  showed  a  great 
and  constant  regard  to  religion  in  general,  as  well  by  an  exem- 
plary life  as  in  all  his  writings,  but  was  also  a  firm  believer  of 
revealed  religion  ;  as  appears  by  the  many  papers  which  he  left 
behind  him  on  the  subject.^  But  his  notion  of  the  Christian 
Religion  was  not  founded  on  a  narrow  bottom,  nor  his  charity 
and  morality  so  scanty,  as  to  show  a  coldness  to  those  who 
thought  otherwise  than  he  did  in  matters  indifferent ;  much  less 
to  admit  of  persecution,  of  which  he  always  expressed  the 
strongest  abhorrence  and  detestation.    He  had  such  a  mildness 


•  I  have  heard  it  affirmed  by  some  of  (heselP-constitnted  Bhilosophen  of 
the  present  da> ,  thai  Sir  liaa«*.  NevvtoD  believed  the  Christian  Religion  merely 
because  he  Hiu>  born  in  a  Christian  country;  that  he  never  examined  it;  and 
that  he  left  beliind  him  a  cart-inad  of  papers  on  religious  subjects,  which  Dr*. 
IIor.s1e\  examined,  and  declare  i  unfit  for  publication.  These  Gentlemen  do 
not  perceive  t^mt  their  a<«ertion8  are  inconsistent  with  each  other.  Nobody 
who  has  ever  read  a  puice  of  JS'ewtoi.'ii  worlis  would  believe  that  he  could  write 
a  cart-l'iad  of  papers  .on  a  .<ubj-  ct  which  he  never  examined.  Newton's  reli** 
gious  opinion^  utre  not  ('riiodox ;  for  example,  he  did  not  believe  in  the. 
Trinity  Tlii«.  ffivs  us  the  reason  why  Horsley,  the  champion  of  the  Trinity, 
found  Nowron's  papers  witii  for  publication.  But  it  i«  much  to  be  re^prettcd 
Ibftt  they  l^ve  urver  leen  the  light. 
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of  temper,  tliat  a  melancholy  story  would  often  draw  tears  from 
him,  and  he  was  exceedingly  shocked  at  any  act  of  cruelty  to, 
man  or  beast;  mercy  to  both  being  the  topic  that  he  loved  to 
dwetl  upon.  An  innate  modesty  and  simplicity  showed  itself  in 
all  his  actions  and  expressions.  His  whole  life  was  one  continued 
series  of  labour,  patience,  charity,  gerifirosity,  temperance^  piety, 
goodness,  and  all  other  virtues,  without  a  mixture  of  any  knowa 
vice  whatsoever. 

He  was  blessed  with  a  very  happy  and  vigorous  constitution  : 
he  was  of  a  middle  stature,  and  rather  plump  in  his  latter  years : 
he  had  a  very  lively  and  piercing  eye,  a  comely  and  gracious 
aspect,  and  a  fine  head  of  hair,  as  white  as  silver,  without  any 
baldness.  To  the  time  of  his  last  illness  he  had  the  bloom  and 
colour  of  a  young  man.  He  never  wore  spectacles,  nor  lost 
more  than  one  tooth  till  the  day  of  his  death.  About  five  years 
before  his'death,  he  was  troubled  with  an  fncontinence  of  urine^ 
and  sometimes  with  a  stillicidium ;  both  of  which  continued  to 
idDict  him,  more  or  less,  according  to  the  motion  to  which  he 
was  exposed.  On  this  account  he  sold  his  chariot,  and  went 
always  in  a  chair ;  and  he  gave  up  dining  abroad,  or  with  much 
cotxtphnj  at  home.  He  ate  little  flesh,  and  lived  chiefly  upon 
broth,  vegetables,  and  fruit,  of  which  he  always  ate  heartily.  In 
August,  1724,  he  voided,  without  any  pain,  a  stone,  about  the 
size  of  a  pea,  which  came  away  in  two  pieces ;  one  some  days 
after  the  other.  In  January,  1/25,  he  had  a  violent  cough  and 
inflammation'  of  the  lungs,  upon  which  he  was  persuaded  with 
considerable  difficulty  to  take  a  house  in  Kensington,  where  he 
had,  in  his  84th  year,  a  fit  of  the  gout,  for  the  second  time,, 
having  had  a  slight  attack  of.it  some  years  before.  This  fit  left 
him  in  better  health  than  he  had  enjoyed  for  several  years.  In 
the  winter  of  1725,  he  wanted  to  resign  his  situation  of  Master 
of  the  Mint  to  his  nephew,  Mr.  Condiiitt :  that  Gentleman 
would  not  permit  his  resignation,  but  oflered  to  conduct  the 
whole  business  in  his  place ;  and,  for  about  a  year  before  his 
death,  Sir  Isaac  hardly  ever  went  to  the  Mint,  trusting  entirely 
to  the  management  of  his  nephew. 

On  Tuesday,  the  last  day  of  February,  1727>  he  went  to 
town,  in  order  to  attend  a  meeting  of  the  Koyal  Society. ,  Next 
day  Mr.  Conduitt  paid  him  a  visit,  and  found  him  apparently  in 
better  health  than  he  had  enjoyed  for  several  years.  Sir  Isaac 
was  sensible  of  it  himself,  and  told  bis  nephew,  smiling,  that 
he  had  slept  the  Sunday  before  from  eleven  at  night  till  eight  in 
the  morning,  without  waking.  But  his  fatigue  in  attending  the 
Society,  and  in  making  and  receiving  visits,  brought  his  old 
complaint  violently  upon  him.  Df.  Mead  and  Mr.  Cheselden 
were  carried  out  to  Kensington  to  see  him,  by  Mr.  Conduitt. 

X  2 
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They  immediately  said,  that  his  disease  was  the  stone  in  the 
bladder;  and  gave  no  hopes  of  his  recovery.     The  stone  was 
probably  removed  from  the  place  where  it  lay  quiet,  by  the 
great  motion  and  fatigue  of  his  last  journey  to  London.     From 
tliis  time  lie  had  violent  fits  of  pain,  with  scarcely  any  intermis- 
sion ;  and  though  the  drops  of  sweat  ran  down  his  face  with 
anguish,  he  never  complained,  nor  cried  out,  nor  showed  the 
least  sign  of  peevishness  or  impatience :  and,  during  the  short 
intervals  from  that  violent  torture,  would  dmik  and  talk  with 
his  usual  cheerfulness.    On  Wednesday,  the  15th  March,  Be 
was  somewhat  better,  and  fallacious  hopes  were  entertained  of 
his  recovery.     On  Saturday,  the  18th  March,  he  read  the  news- 
papers, and  held  a  pretty  long  conversation  with  Dr.  Mead,  and 
had  all  his  senses  perfect.    But  that  evening,  at  six,  and  all 
Sunday,  he  was  insensible,  and  died  on  Monday,  between  one 
and  two  o'clock  in  the  morning.    Thus,  he  reached  the  age  of 
eighty-four  years  and  a  few  months,  and  retained  all  his  senses 
and  faculties  lo  the  end  of  his  life,  strong,  vigorous,  and  lively; 
and  he  continued  writing  and  studying  many  hours  every  day  till 
the  period  of  his  last  illness.     He  died  worth  32,000/.  of  per- 
sonal estate ;  which  was  divided  between  his  four  nephews  and 
nieces  of  half  blood.     The  land  which  he  had  of  his  father  and 
mother  descended  to  his  heir  of  the  whole  blood,  John  Newton, 
whose  great  grandfather  was  Sir  Isaac's  uncle.     A  little  before 
his  death  he  gave  away  an  estate,  which  he  had  in  Berkshire^  to 
the  sons  and  daughters  of  Mrs.  Conduitt*s  brother;   and  an 
estate  at  Kensington  to  Mrs.  Conduitt's  daughter.     From  this 
lady  the  present  Earl  of  Portsmouth  is  descended. 

Sir  Isaac  Newton  was  buried  with  great  magnificence,  at  the 
public  expense.  On  the  28th  of  March,  he  lay  in  state  in  the 
Jerusalem  Chamber,  and  was  buried  from  thence  in  Westminster 
Abbey,  near  the  entrv  into  the  choir.  The  spot  is  one  of  the 
most  conspicuous  in  the  Abbey,  and  had  been  previously  refused 
to  diflFerent  Noblemen,  who  had  applied  for  it.  The  pall  was 
supported  by  the  Lord  High  Chancellor,  the  Dukes  of  Mon- 
trose and  Roxborough,  and  the  Earls  of  Pembroke,  Sussex,  and 
Macclesfield,  being  Fellows  of  the  Royal  Society.  The  Hon. 
Sir  Michael  Newton,  Knight  of  the  Bath,  was  chief  mourner, 
and  was  followed  by  some  other  relations,  and  some  eminent 
persons  intimately  acquainted  with  Sir  Isaac.  The  office  was 
performed  by  the  Bishop  of  Rochester,  attended  by  the  Prebend 
and  Choir.  A  magnificent  monument  was  erected  to  his  me-* 
mory,  with  the  following  inscription  :— 


l:. 
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ri.     S.     G. 

ISAACUS  NEWTON,  EQUES  AURATUS, 

QUI  ANIMI  VI  PROPE  DIVINA 

PLANETARUM   MOTUS,    FIGDRAS, 

'     COMETARUM  ^EMITAS  OCEANIQUE  iESTUS, 

SUA  MATHE8I  FACEM  PRiEFERENTE, 

PRIMUS  DBMONSTRAVIT. 

RADIORUM  LUCIS  DISSIMILITUDINES, 

COLORUMQUE  INDE  NASCENTIUM  PROPRIETATES, 

<^UAS  NEMO  ANTEA  VEL  SUSPICATUS  ERAT,  PERVESTlGAVIT. 

NATURE,  ANTIQUITATIS,  S.  SCRIPTURiE, 

$I£DULUS,  SAGAX,  FIDUS  INTERPRES, 

DEI  OPT.  MAX.  MAJESTATEM  PHILOSOPHIA  ASSERUTT, 

EVANGELII  SIMPLICITATEM  MORIBUS  EXPRESSIT. 

8IBI  GRATULENTUR  MORTALES,  TALETANTUMQUE  BXTITISSE 

HUMANI  GENERIS  DECUS. 

NATUS  XXV.  DECEMB.  MDCXLII.    OBIIT  XX.  MART. 

MDCCXXVI. 

The  mathematical  discoveries  of  Sir  Isaac  Newton  were  so 
numerous  and  so  important,  that  it  is  no  easy  task  to  give  aa 
idea  of  them.    As  his  geometrical  studies  were  conducted ,  in  a 
grea6  measure,  without  a  master ;  and  as  the  first  books  to  which 
he  paid  particular  attention  were  the  Geometry  of  Descartes^  and 
the  Arithmetic  of  Infinites  of  Dr.  Wallis,  he  never  possessed 
any  intimate  acquaintance  with  the  methods  of  the  ancient 
mathematicians  ;  a  circumstance  which,  as  we  are  informed  by 
Dr.  Pemberton,  he  afterwards  regretted ;  but  which,  probably, 
contributed  to  render  his  invention  so  fertile  and  so  happy.     He 
made  a  great  many  discoveries  while  perusing  the  two  works 
above-mentioned ;  and  we  have  complete  evidence  that  he  was 
in  possession  of  all  his  inventions  before  the  age  of  24.     A 
complete  collection  of  his  works  was  published  in  V779>  hy  Dr^ 
Horslcy,  in  five  quarto  volumes,  accompanied  by  a  commentary, 
wliich,  however,  is  any  thing  but  complete.  It  is  to  be  regretted 
that  the  mathematical  world  is  yet  destitute  of  a  good  commen- 
tary on  the  works  of  this  consummate  mathematician.     Some  of 
his  books,  indeed,  have  been  fully  commented  on.    Thus  the 
Jesuits'  copy  of  the  Principia,  if  it  has  any  fault,  abounds  too 
much   with  notes;   and  Stirling's  Commentary  on  Newton's 
Treatise  respecting  Lines  of  the  Third  Order,  is  excellent.  We 
have  also  a  very  elaborate  Commentary  on  his  Universal  Arith- 
metic ;  and  perhaps  his  Optics  stands  in  need  of  no  other  com- 
mentary than  the  few  optical  discoveries  which  have  been  ^made 
since  he  wrote,  and  which  enable  us  to  rectify  one  or  two  of  his 
opinions  on  that  difficult  subject. 

Nevyton  communicated  many  of  his  original  discoveries  to  Dr. 
Harrow,  at  that  time  Professor  of  Mathematics  at  Cambridge  \ 
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and  by  him  they  were  made  known  to  various  other  British 
.mathematicians.     He  likewise  entered  into  a  correspondence 
with  Collins  and  Oldenburg,  and  by  them  was  induced  to  write 
several  long  letters  to  Mr.  Leibnitz,  ia  which  he  gave  to  histo* 
rical  detail  of  the  way  that  he  was  led  to  some  of  hb  most  con- 
siderable discoveries.   All  these  letters  were  afterwards  published 
in  the   Commerciurri  Epistolicum.     The  correspondence   also 
between  James  Gregory  and  (JoUins,   published  in  the  same 
hoolkn  throws  considerable  light  upon  the  order  and  time  of 
Newton's  mathematical  discoveries.     One  of  bb  first  discoveries 
struck  him  while  perusing  Wallis's  Arithmetic  of  Infmites,  about 
the  year  1663.    Wallis  had  sliown  the  method  of  finding  the 
quadrature  of  all  curves,  the  ordinates  of  which  are  expressed 
by  (1    —  x*)%   X  being  the  abscissa,  suppoHng  m  a  whole 
number^  either  po^itive^  or  negative^  or  zero ;  and  tfiat  when 
m  was  respectively  0,  1,  2,  3,  4,  &c.,  the  areas  conreq)pDding  to 
the  abscissa  x  were  respectively  jc ;  jc  —  -Jjc*  ;  a>  —  fi^  -f  -J^*; 
X  -^  fx^  -\~  ^  —  |aj7 .  &c, .  andiie  showed,  that  if  a  number 
could  be  interpolated  between  x  and  x  — -  -^  in  the  seeond 
series,  corres^nding  to  the  interpolation  of  4-  in  the  first  series 
between  0  and  1,  that  this  number  would  represent  the  quadra- 
ture of  the  circle.  But  \yallis  could  not  succeed  in  mddng  this 
interpolation  ;  it  was  left  for  one  of  the  first  steps  of  Newton^  in 
his  mathematical  career.    Newton  arranged  Uie  terms  of  the 
second  series  given  above,  under  each  other  in  order^  and  exa« 
mined  them  as  follows : — 

X 

X  -  -^ 

X  —  J-x*  +  |jc*  —  |x' 

a;  —  fK»  4-  fK*  —  fr^  +  ^9 

On  considering  this  table,  Newton  observed,  that  the  first  terms 
are  all  x ;  that  the  signs  are  alternately  positive  and  negative  5 
that  the  powers  of  x  increase  by  the  odd  numbers ;  that  the  co- 
efficient of  the  first  term  is  1  ;  that  the  co-efficient  of  all 
the  other  terms  are'  fractions ;  that  the  denominators  of  these 
fractions  are  always  the  indices  of  x,  in  the-  respective 
terms;  that  the  numerators  in  the  second  terms  are  the 
ordinary  numbers ;  ^  in  the  third  terms,  the  triangular  num* 
bers  :  in  the  fourth  terms,  the  pyramidal  numbers ;  &c.  These 
observations  made  him .  master  of  the  laws  that  r^ulated  the 
whole  of  the  series.  Hence  he  concluded,  that  having  to 
devclope  in  general  (1  —  x^)™,  the  series  of  numeratcMB  for  the 
respective  fractions  in  the  different  terms  must   be   1 ;   «i  5 

■  i^jg —  i  1  2^g ,  &c.,  for  these  are  the  expressions 
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M^hich  represent  tlie  natural,  triangular,  and  pyramidal  numbers. 
Now  this  will  hold  good  whether  m  be  a  whole  number  or  a 
fraction.  In  the  case  which  occasioned  the  investigation,  naniiely, 
(I  —  x^)i;  w  =  4.,  and,  consequently,  the  numerators  deduced 
from  the  preceding  formulas  are  1,  4.,  ^,  ^,  -^4^,  &c. 
These,  multiplied  into  the  terms  of  the  series,  namely,  x  -« 

X^  X*  aJ  JC9 

-^+■5— '^""'"T*  ^^''  S^^^  ^^  ^^®  following  series :  x  — 

•J  —  8^^'  ■"  Tt~l^^  ""  iisJi^^ '  ^^'>  ^  series  which  ob- 
viously represents  the  area  of  the  circular  segment,  correspond- 
ing to  the  abscissa  Xi  This  investigation  led  hitn  likewise  to  the 
discovery  of  the  biiK)mtal  theorem,  so  celebrated  in  algebia, 
and  of  so  much  importancis  iu  an  infinite  number  of  investiga- 
tions. 

Newton  had  already  made  these  discoveries,  and  many- others, 
when  the  iMgarithmotechnia  of  Mercator  was  published  ;  which 
contains  only  a  particular  case  of  the  theory  just  explained.  But, 
from  an  excess  of  modesty  an^  of  diffidt*nce,  he.  made  no  attempt 
to  publish  his  discoveries,  expressing  his  conviction  that  mathe- 
maticians would  discover  them  all  before  he  was  of  an  age  suffi- 
ciently mature  to  appear,  with  propriety,  before  the  niathema- 
tical  world.  But  Dr.  Barrow  having  contracted  an  acquaintance 
with  him  soon  after,  speedily  understood  his  value,  and  exhorted 
him  not  to  conceal  so  many  treasures  from  men  of  science :  he 
even  prevailed  upon  him  to  allow  him  to  transmit  to  some  of  his . 
friends  in  London  a  paper  containing  a  summary  view  of  some 
of  his  discoveries.  This  paper  was  afterwards  published  under 
the  title  of  Analysis  per  Equationes  Numero  Terminorum  Infi^ 
nitas.  Besides  the  method  of  extracting  the  roots  of  all  equation  s, 
and  of  reducing  fractional  and  irrational  expressions  into  infinite 
series,  it  contains  the  application  of  ail  these  discoveries  to  tne 
quadrature,  and  the  rectification  of  curves ;  together  with  diffe-- 
rent  series  for  the  circle  and  hyi>erbola.  He  does  not  confine 
himself  to  geometrical  curves,  but  gives  some  examples  of  tlie 
quadrature  of  mechanical  curves.  He  speaks  of  a  method. of 
tangents,  of  which  he  was  in  possession,  in  which  he  was  not 
stopped  by  surd  quanlities,  and  which  applied  equally  well  to 
mechanical  ahid  geometrical  curves.  Finally,  we  find  in  this 
extraordinary  paper  the  method  of  Jhictions  and  of  JluentSy 
explained  and  demonstrated  with  sufficient  clearnet>s;  from 
which  it  follows,  irresistibly,  that  before  tliat  period  he  was  in 
possession  of  that  admirable  cs^culus  :  for  the  editors  of  this 
paper,  which  was  published  in  the  Commercium  Epistoliaimy 
attest  that  it  was  faithfully  taken  from  the  copy  which  Colltiis 
had.  transcribed,  from  the  manuscript  sent  by  Barrow.  At  the 
request  of  Dr.  Barrow,  he  drew  u}^  a  fiiU  account  of  tbi^  method^ 
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yhich  was  only  described  in  the  firet  tract  with  great  conciseness. 
This  new  work  he  entitled  Methodus  Fhix'wnum^  et  S&ierum 
Irifin'Uarum,  This  last  book  he  meant  to  publish  at  the  end  of 
an  English  Translation  of  the  Algebra  of  Kiuckuysens,  which 
he  had  enriched  with  notes.  But,  in  consequence  of  the  dis- 
agreeable disputes  into  which  he  had  been  dragged,  by  his  dis- 
coyeries  respecting  the  different  refrarjgibiliiy  of  the  rays  of 
light,  he  altered  his  intention,  arid  the  treatise,  to  the  great 
injury  of  mathematics,  an^  ultimately,  likewise,  to  the  diminur 
tion  of  his  own  peace,  lay  unpublished  till  after  his  death. 

About  the  time  that  this  paper  of  Newton's  was  sent  to  London, 
or  about  the  year  1668,  Jarnes  Gregory  publislwd  his  Exercitar 
tioneSy  a  book  which  contained  several  important  facts  connected 
with  the  discoveries  which  Newton  had  made.  In  particular 
there  is  a  new  demonstration  of  Mercator's  Series  for  the  Hyr 
perbola.  Collins  communicated  Newton's  discoveries  to  various 
inathematicians,  and  among  others  to  Gregory.  He  first  sent 
him  Nevvton's' Series  for  the  Circle,  concerning  the  accuracy  of 
which  Gregory  at  first  had  his  doubts  ;  but  he  soon  discovered 
his  mistake,  and  by  pondering  over  the  subject  for  about  a  yeaf, 
there  appears  sufficient  evidence  from  his  letters  in  the  Commerr 
cium  Epistolicumy  that  be  divined  Newton's  method,  and  con- 
sequently had  the  merit  of  discovering  the  fluctionary  calculus  at 
least  in  part.  But  he  declined  publishing  any  thing  on  the 
subject,  as  he  states  in  one  of  his  letters,  that  he  might  nq^ 
Interfere  with  the  rights  of  the  original  inventor. 

(To  be  continued,) 


Article  II. 

Ohervations  on  the  Quantity  of  Carlonic  Acid  Gas  emitted fro^ 
the  Lungs  during  Respiration^  at  different  Timcs^  and  under 
different  Circumstances^  By  Wm.  Prout,  M.D.  Of  tl^e 
College  of  Physicians,  &c, 

(With  two  Plates.) 

It  was  discovered  by  some  of  the  earliest  experimentalists  on 
respiration,  that  the  quantity  of  oxygen  gas  consumed,  and  of 
carbonic  acid  gas  formed,  during  that  act,  varied  very  consider-- 
ably  in  the  same  individual,  under  different  states  of  the  system » 
f'  The  circumstance,"  says  Dr.  Bostock,  "  was  first  noticed  b^ 
^Dr.  Crauford,   and  afterwards  more   fully  investigated  by  M  « 
Jurine,. of  Geneva,  and  M.  Lavoisier,  that  the  respiration  o^ 
tb0  MMK^wUoal  in  difierent  states  of  the  system,  and  upder  tb.^ 
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operation  of  difitrent  external  circumstances,  afiects  the  air  in 
very  different  degrees. — The  circumstances  ^hich  have  been 
discovered  to  influence  the  chemical  effects  of  respiration  are, 
the  temperature  of  the  air  jespired,  the  degree  of  muscular 
/exertion,  the  state  of  the  digestive  organs,  and  the  condition  of 
the  system  as  affected  by  fever."  Dr,  B.  continues :  *<  It  is 
highly  probable  that  other  circumstances  will  be  discovered  by 
multiplying  and  varying  our  experiments  upon  the  living  body,'* 
and  informs  us,  that  "  these  difterent  affections  of  respiration 
will  undergo  a  farther  examination  in  the  third  part  of  his  essay/'* 
Kow  this,  1  believe,  has  never  been  published ;  whether,  there- 
fore, he,  or  any  other  person,  has  aoticipitated  me  in  what  I  am 
about  to  o&r,  I  am  unable  to  determine:'  if  so,  my  experi-p 
ments  will  at  least  have  the  effect  of  corroborating  theirs ;  and 
if  not,  their  interesting  results  may  possibly  induce  some  one  to 
repeat  them,  and  thus  either  confirm  their  accuracy,  or  point 
0ut  their  errors. 

Mr.  Arande,  also,  in  a  paper  on  respiration,  after  having 
noticed  the  above  circumstances  in  a  general  way,  says,  ^^  the 
proportion,  however,  (of  carbonic  acid)  varies  in  the  same  indir 
yidual  during  the  24  hours,  for  1  have  found  the  quantity  of 
'carbonic  acid  gas  emitted  from  my  own  lungs  to  be  rather,  less 
in  the  morning  than  towards  the  evening ;  but  this  also  varies  in 
different  people.'^f  It  may  also  be  mentioned,  that  Messrs, 
Allan  and  Pepys,  in  their  excellent  paper  on  this  Unction,  found 
the  quantity  formed  by  the  same  anitual  during  sleep  to  be  ies$ 
than  when  waking.  J 

Such  then,  with  perhaps  a  few  other  general  facts  of  a  similar 

kind,  constituted  the  whole  of  our  knowledge   (or  rather  of 

mine)  respecting  this  most  important  part  of  the  phenomena  of 

respiration,  and  this,  together  with  some  other  reasons  which 

will  be  shortly  known  to  the  public,  induced  me  to  think  of 

undertaking  a  set  of  experiments  with  the  hope  of  throwing 

some  light  upon  the  subject,  and,  .if  possible,  to  find  out  the 

laws  which  it  obeyed.     With  this  view,    having  contrived  a 

simple  apparatus,  by  means  of  which  I  could  eadly,  and  with 

considerable  accuracy,  analyze  the  respired  air,  1  put  myself 

upon  a  sort  of  regimen,  which  consisted  in  keeping  myself  as 

nearly  as  possible  in  the  same  state  in  every  respect,  and  thus 

commenced  the  arduous  task.     To  this  plan  I  adhered  as  nearly 

as  circumstances  would   permit  for  upwards  of  three  weeks, 

making  the  experiments  every  hour^  and  sometimes  oftener, 

during  the  day,  and  occasionally  during  the  night  also.     Now 

the  results  obtained  from  this  great  mas6  of  evidence,  amounting 

«  Essay  on  Respiration,  p.  78.  +  Nich.  Journal,  vol.  xu 

^  Phil.  Traos.  1809.    Nich.  /our.  yol.  xxv. 
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to  many  hundreds  of  ezperiments,  were  generally  consistent^  and 
may  be  comprised  under  the  two  following  laws  :— 

L,aw  I. — The  quantity  of  oxygen  gas  consumed^  and  copse* 
quently  of  carbonic  acid  gas  formed,  during  respiration,  is  not 
uniformly  the  same  during  O^e  124  hours,  but  is  always  greater  at 
one  and  tlie  same  part  of  the  day  than  at  any  oihcr,  that  is  to 
say,  its  maximum  occurs  between  10  a.  m.  and  2  p.  m.,  or 
generally  between  11  a.  m«  and  1  p.  m. ;  and  its  minimum  com- 
mences about  8^  3(/  p.m.,  and  continues  nearly  uniform  till 
about  3^  SC/  a.  m. 

LawWn — Whenever  the  quantity  of  oxygen  gas  consumed^ 
and  consequently  of  carbonic  acid  gas  formed,  has  been  by  any 
cause  increased  or  raised  aljove  the  natural  standard  oi  the  period, 
it  is  subsequently  as  much  decreased  or  depressed  below  that 
standard,  and  v'ue  versa. 

lUuslrcUimi  of  Laiv  1. — ^This  law  is  subject  to  some  remark- 
ahle  variations,  though  I  ha\*e  never  met  with  an  exceptiou  to  it 
In  all  my  experiments  there  has  l>een  constantly  a  greater  quan- 
tity of  carbonic  acid  gas  given  off  in  the  middle  of  the  day  thaa 
at  any  other  period  of  it.  From  what  Mr.  Brande  advanced  in 
the  paper  above  alluded  to,  I  was  indeed  prepared  to  meet  with 
the  reverse  of  this ;  and  for  some  time  felt  inclined  to  suspect 
the  accuracy  of  my  experiments,  till,  by  varying  them  in  almost 
«very  possible  nrumner,  and  with  the  same  results^  1  could  no 
longer  resist  their  united  evidence. 

'Generally,  the  degree  and  order  of  th^e  variations  are  the 
following.  The  quantity  of  carbonic  acid  gas,  which  has 
remained  stationary  during  the  night  at  3*30  per  cent.,*  its 
minimum,  about  3^  3(/  a.  m.,t  suddenly  begins  to  increase,  at 
first  slowly,  and  afterwards  more  rapidly,  till  about  noon,  when 
it  is  usually  as  high  as  4'  10  per  cent.,  or  its  maximum ;  from 
this  point,  however,  it  almost  immediately  begins  to  sink,  at  first 
rather  quickly,  and  then  more  slowly,  till  about  8**  30^  p.  m.,t 
by  which  time  it  genertiiy  arrives  again  at  its  minimum,  3*30 
per  cent.,  when  it  remains  stationary,  as  before  observed,  till 
the  morning.  Hence  the  quantity  given  off  in  the  middle  of  the 
day,  when  it  is  at  its  maximum,  exceeds  that  given  off  in  the 
night,  when  it  is  at  its  minimum,  by  about  -f  of  the  whole. 
The  mean  quantity  given  off  in  the  24  hours  b  3*45  per  cent. 
(See  Table  i.) 


•  By  this  is  meant  that  for  every  100  cubic  incbes  ef  air  inspired,  S'SO  cable 
Inches  of  oxygen  gas  are  coiMumed,  and  consequently  of  carbonic  acid  ga» 
formed.    The  same  is  to  be  ande^^tood  of  all  Uie  sabseqoeat  nambers. 

f  That  is,  at  the  beginning  und  end  of  tmlifiht.  Many  circumstances  have 
occurred  to  induce  me  to  believe  that  the  presence  and  absence  of  the  sun  alont 
regmlate  these  variations.  Tuture  observations,  however,  must  decide  this 
fwlowqpiyaaB*, 


I 

#  ■ 
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Having  spoken  of  the  law  as  it  obtains  generaljy^  we  come 
now  to  consider  its  variations :  these  may  be  classed  under  the 
two  following  heads  : — 

1.  Variations  in  the  quantity  of  carbonic  acid  gas,  as  given  off 
by  the  same  individual  on  different  days. 

i.  Variations  in  its  quantity,  as  given  off  hy 'different  indivi**^ 
duals. 

The  first  of  these  variations  I  have  observed  in  a  greater  or 
less  degree,  several  times ;  indeed,  no  two  days  are  exactly  alike. 
But  by  far  the  most  remarkable  day  that  has  come  under  my 
obseinnation  was  the  22d  of  August,  the  maidmum  of  which, 
esiactly  at  noon,  was  as  high  as  4*90  per  cent.,  and  the  mini- 
mfim,  at  8^  20^  p. m.,  as  high  as  4*15  percent.    I  had  been  up 
all  the  preceding  night,  for  the  first* time ^    and  hence  was 
inclined,  though  contrary  to  my  judgment,  to  attribute  it  to  that 
cipcumstance ;  but  on  this  being  repeatedy^no  such  event  fol- 
lowed, as  I  expected.    What  is  remarkable^  it  had  evidently 
begun  to  rise  on  the  evening  of  the  21st ;  for  at  9^  30^  p.  m.  of 
that  day,  I  found  the  quantity  as  high  as  3*50  per  cent.,  at  least 
0*2  per  cent,  higher  than  the  usual  minimum.    From  this  point 
it  continued  to  increase  gradually  till  day-break,  or  a  little  before 
3  a.  m.,  when  it  suddenly  rose  up  to  3*90  per  cent.     At  9^  50^ 
a.m.  it  was  4*00  per  cent.    At  10**  25^  a.  m.  4*40  per  cent., 
where  it  continued  till  after  11a.  m.,  when  it  suddenly  rose  up 
to  4*90  per  cent.,  as  before  mentioned.    From  this  point,  how- 
ever, it  sunk  rapidly;  so  that  at  12^  30^  p.  m.  it  was  only  4*30 
per  cent.,  and  afterwards,  at  2^  30^  p.  m.,  as  low  as  3*90  per 
cent.,  from  whence  it  rose,  apparently  gradually,  to  4*15  per 
cent.,  where,  as  before  stated,  it  was  at  8**  20^  p.  m.     When 
this  remarkable  period  ended  I  do  not  know ;  but  the  next  day 
It  was  very  little,  if  at  all,  above  the  usual  standard.     It  is  prc^r 
to  observe,  that  during  this  period  I  was  not  aware  of  the  least 
difibrence  whatever  in  my  health,  or  any  other  circumstance  that 
could  enable  me  to  account  for  it.    I  fancied  my  respiration  was 
more  free,  and  that  I  felt  lighter  than  usual ;  and  this  might  be 
the  ease;  but  these  were  so  trifling  that  I  am  confident  they 
would  have  escaped  my  notice  had  it  not  been   particularly 
directed  to  the  subject.     The  barometer  varied  from  29'80  to 
29*70  during  the  day,  which  was  rather  below*  the  mean  of 
the  preceding  and  subsequent  periods.    The  mean  of  the  ther- 
mometer's ran^e  was  61.     The  hygrometer  made  considerable 
advances  during  the  day  towards  damp  :  the  air  was  calm,  aud 
Bhowers  occasionally  fell  composed  of  very  large  drops,  as  occurs 
in  thunder  weather :  in  the  evening  tliere  was  a  good  deal  of 
rain.    I  have  reason  to  believe,  therefore,  that  the  atmosphere 

»  Generally  speaking,  I  tlUnk  I  bavefouuct  the  qsantity  increase  dmiag^  th« 
■inkipg  of  the  barometer. 
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was  m  an  highly  electrical  state.  What  is  sin^lar,  a  friend 
who  spent  the  evening  with  me,  and  who  at  my  desire  made  the 
experiment  about  10  p.  m.,  was  found  to  emit  about  4*90  per 
cetit.^  whereas  since  that  time  we  have  once  or  twice  repeated 
the  experiment  at  about  the  same  hour,  and  found  it  only  4*10 
or  4*20  per  cent,,  whifch  appears  to  be  his  usual  minimum. 
Hence  it  would  seem  that  .the  circumstance  was  not  peculiar  to 
inij'Sf  If. 

Two  days  after  this  remarkable  ivcrease^  there  occurred  a  no 
less  remarkable  decreasey  or  depression  below  the  usual  standard. 
The  maximum  took  place  earlier  than  ever  I  had  seen  it,  that  is, 
at  10*'  30'  a.  m.,  and  was  also  less,  amounting  only  to  3*70  per 
cent.  The  minimum  also  took  place  earlier,  and  was  gi eater 
than  usual,*  that  is,  at  7**  45'  p.m.,  it  was  ,S-40  per  cent,  where 
it  continued  the  whole  evening.  During  this  period  the  baro- 
meter was  about  o0'26,  the  thermometer  60,  and,  as  in  the 
former  instance,  1  was  not  aware  of  any  circumstance  whatever 
to  which  I  could  refer  it.  The  following  day  was  also  generally 
below  the  standard,  though  not  in  the  same  remarkable  degree; 
!n  the  annexed  diagram  1  have  drawn  these  extremes  of  variatioa 
along  with  the  mean,  in  order  that  they  might  be  rendered  more, 
conspicuous  by  the  contrast.  See  Plate  XII. :  where  the  upper 
line  represents  the  greatest  deviation  above  the  mean  observed} 
the  lower  line,  the  least  deviation. 

•  Besides  these^  there  ^^re  som6  minor  variations,  which  may  be 
fiere  mentionecK  One  .of  them  is  a  slight  depression  occasionally 
'between  6  and  8  a.  m.,  which  I  have  attributed  to  a  less  active 
state  of  the  system,  on  account  of  abstinence. f  This  is  very 
trifling,  amounting' only  to  0*2  or  0*3  per  cent.,  and  sometime^ 
is  not  at  all  perceptible.  Anothtjr  is,  an  extraordinary  diminu4 
tion  of  short  continuance,*  immediately  after  the  maximum, 
sometimes  even  below  the  usual  minimum  itself.  This  I  have 
observed  only  when  the  maximum  has  been  greater,  and  more 
abrupt  in  its  ascent,  than  usu^il.  It  may,  I  presume,  be  accounted 
for  on  a  principle  of  the  second  law  to  be  hereafter  mentioned. 
One  example  of  this  variation  we  have  in  the  extraordinary 
instance  of  great  increase  above  described.  When  the  increase 
has  becT^-gradual,  the  decrease  has  been  constantly  the  same. 

2dly.  I'he  quantity  of  oxygen  gas  -  consumed,  and  conse- 
quently of  carbonic  acid  gas  formed,  in  a  given  time,  is  cer- 
tainly very  different  in  different  individuals.  Future  investiga- 
tions,   however,    must  decide  this  important   question  more 

•  I  have  generaUy  found  that  wl^en  the  maximum  has  been  less  tlian  asnal. 
the  minimnm  has  been  greater  in  proportion  :  t.  e.  at  least  equal  to  the  usnal 
•tandard  of  S*30  per  cent.,  and  sometimes  above  it.  I  have  never  seen  the 
■iiniroum  permanently  lower  than  3*30  per  cent. 

i..f  Fer|Kq»f,.how^vec,  it  ma^  be aiccuiiated  f or  on  another  principle.    JPet 
jP/itttrMioa  of  Law.l[V  >  ■ 
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accurately  than  it  can  be  done  at  preient.  1  have  collected  all 
the  evidence  on  this  subject  at  present  in  my  power;  the  results 
are  certainly  very  discordant,  and  no  doubt  in  some  instances  ai^ 
to  be  attributed  to  errors.  Most  of  the  experiments  were  pro- 
bably made,  also,  when  the  quantity  was  at  its  maximum  3  and 
this  may  account  in  part  for  the  largeness  of  their  results.  This 
was  undoubtedly  the  case  with  those  of  Messrs^,  Allan  and  Pepys, 
who  inforoi  us  that  all  theirs  were  made  ^^  between  breakfast  and 
dinner." 

Cub.  Inch, 

M.  Jurine,*  of  Geneva,  ^^  imagined"  that  for 
every  100  cubic  inches  of  atmospheric  air  re- 
spired there  were  given  off,  of  carbonic  acid.  10 
.  Goodwin  t  estimated  the  quantity  at 10  or  11 

Menzies,j:  from  experiments  made  with  con- 
siderable accuracy,  at 5  or   5*1 

Lavoisier  and  Seguin  appear  to  have  made  it 
miuch  less,  especially  in  their  later' experi- 
ments. From  the  data  in  my  possession  I 
am  unable  to  ascertain  the  precise  proportion* 

Mr.  Murray  §  found  it  vary  from   £'2    to  6*5 

Sir  H.  Davy  ||  from    , 3'95  to  4-& 

Messrs.  Allah  and  Pepys**  from  3*50  to  9*50 
per  cent.,  according  as  the  first  or  last  pro- 
ducts of  an  expiration  were  tried.  They 
estimated  the  mean  at  about S 

Myself,  from  4*10  maximum  to  3*30  mini- 
mum.    Mean  of  the  24  hours  about 3*4S 

A  friend,  from  some  partial  experiments  made 
in  my  presence,  appears  to  emit,  upon  an 
average  during  the  24  hours,  about 4*6 

Of  these  my  own  is  by  far  the  least,  so  much  so,  that  I  should 
atill  almost  suspect  the  accuracy  of  my  experiments,  had  I  not 
found  the  quantity  emitted  by  my  friend,  under  precisely  the 
same  circumstances,  so  much  larger  than  by  myself.  Now  we 
are  both  nearly  of  the  same  age,  that  is,  about  30  :  of  the  two, 
he  is  rather  my  junior.  With  respect  to  habits,  &c.  I  believe 
we  are  both  equally  regular,  and  enjoy  equally  good  health. 
How,  then,  is  this  idiosyncrasy  to  be  accounted  for  ? 

*  Ann.  de  Chim.  torn.  v.  261,  &c.     Bostock  on  Respiration,  p.  S5. 

+  Connection  of  Life  with  Respiration,  p.  51. 

"^  Menzies  on  Respiratiun,  p.  50.  Johnson's  Animal  Chemistry,  to!.  Hi. 
p.  127. 

^  System  of  Chemistry,  vol.  v.  p.  493.    (Ed.  3. 

j]  Researches,  p.  431,  &c.  Bostock  on  Respiration,  p.  84.  John«oiv'« 
Animal  Chemistry,  yoI.  iii.  p.  177. 

•♦  Phil.  Trans.  1808,  Part  II.    Phil.Maj;.  toI.  xxxii.  p.  242,  &c. 
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TABLE  L 

Showing  the  Mean  Quantity  of  Oxygen  Gas  coKsamed,  md  of 
Carhonk  Acid  Gas  formed,  at  every  Hour  of  the  Day  am 
Ktgkt,  as  deduced  pom  the  14th,  I6lh^  and  2$th  of  August, 
the  Three  vast  equal  Days.  Mean  of  the  BaroToeter  during 
this  Period,  3002 ;  of  the  Thennomeler,  62. 


Quao.  of 

Hoar. 

c. «.  pm 

ccdI. 

3-43 

3-48 

3-56 

3-66 

3-78 

U 

S-M 

4-W 

S-98 

3-80 

365 

3-54 

3-46 

JBU.  Ol 

Hoar. 

c.  a.  pM 

P.  M.  «| 

3-40 

3-36 

S-SS 

3-30 

l( 

3-90 

830. 

11 

9-30 

3-30 

3-30 

3-33 

5 

9-38 

Mod 

3-45  • 

TABLE  H. 

Showing  the  Maximtan  and  Mmimttm  for  Twelve  Days. 


•  Thli  meiMi,  u  wfll  ai  thou  in  the  folloviag  labli?.  Kt  nblained  hj  drtt 
tading  thenran-of  iheqnanlilj  pven  out  daring  (be  day,  and  adding  it  to  tit 
mmm  at-Ou-  gnai  «ul  4iuiii|  ttw  nisM,  waA  then  diTMiat  the  luia  hj  9. 


1813.}    emiUdJfibm  the  Limgs  iufittg  Besf^ati^.         SSS 

Eliistrations  of  Law  II, — ^The  circumstances  which  imme->> 
ilisXtXy  increase  the  quantity  d[  carbonic  acid  appear  to  be  com* 
paratively  few,  while  those  which  decrease  it  are  very  numerous. 
The  effects  of  the  former  class,  also^  are.  very  inconsiderable  and 
transient ;  while  those  of  the  latter^  on  the  contrary,  are  much 
greater  and  more  permanent. 

The  following  are  the  chief  ^  circumstances  which  I  have 
noticed  to  act  in  one  or  other  of  diese  ways ;  and^  in  conformity 
to  the. law,  it  will  be  found,  by  recurring  to  the  list  of  experi* 
ments  at  the  end  of  this  part  of  the  essay,  that  their  actioa 
having  ceased  the  standard  was  sooner  or  later  resumed. 

ixerdi^.— The  effects  of  this  are  very  various,  acc9rding  td 
its  nature  and  degree,  and  according  also  to  the  time  of  its  dura« 
tion.  Moderate  exercise,  as  walking,  seems  always  at  first  to 
increase  its  quantity ;  but  after  having  been  continued  for  a  cer- 
tain time,,  it  ceases  to  produce  this  effect ;  and  if  prolonged  so 
as  to  induce  fatigue,  the  quantity  is  diminished.  On  tlie  cpn* 
trary,  violent  exercise  seems  to  lessen  its  quantity  even  from  the 
first ;  or  if  it  does  increase  it,  the  effects  are  very  triflii^  and 
evanescent.  After  violent  exercise  the  quantity  is  always  very 
much  lessened.  To  this  head  also  may  perhapa  be  referred  the 
act  of  speaking,  I  have  found  after  a  long  silence  the  efiects  of 
speaking  to  be,  to  produce  a  slight  increase,  iVhich,  however, 
was  only  momentary,  though  the  speaking  was  still  continued. 
The  exhilarating  passions,  also;,  to  which  perhaps  the  above 
might  be  referred  in  some  degree,  se^m  ix^  produce  a  similar 
eflFect.    See  Exper.  1,  2,  8j  4,  and  5. 

Food. — No  doubt  different  kinds  of  food  have  very  different 
ef&cts.  As  my  object,  however,  at  present,  has  been  chiefly  to 
discover  general  la^s,  I  have  not  paid  so  much  attention  to  this 

Birt  of  the  subject  as'  it  demands,  and  which  I  intend  to  do« 
uring  the  period  in  which  these  experiments  were  making,  as 
before  observed^  I  kept  myself  as  regular  as  possible,  with  respect 
to  food,  &C.,  and  only  partook  of  the  moit  siaople,  in  order  that 
it  mijfht  not  interfere  with  their  restilts.  The  effects  observed 
from  food,  there&te,  have  not  been  remarkable,  and  apparently 
litde  more  tba&  to  keep,  up  the  qnailti^f  to  the  standard,  and 
sometimes  to  raise  it  la  little  abo^e,'  certainly  nevtr  to  depress  it 
below,  unless  I  todc.  some  fermented  liquor,  and  then  it  was 
always  depressed,  as  will  be  seen  immediately.  Long  abstinence 
and  fatigue  certainly  lessen  the  quantity  5  the  former,  however, 
when  got  in  the  extreme,  hardly  so  much  as  might  be  expected* 
Thus  I  have  found  the. quantity  very  little  depressed,  after. fasting 
21  hours,  below  the  usual  standard,  and  what  it  probably  would 
have  been  had  I  taken  my  breakfast  as  usual.  See  Exper.  6  and 
7-  Alcoholy  and  all  liquors  containing  it,  which  I  have  triedl, 
have  been  found  to  Iiave  the  remarkable  property  of  diminisbini^ 
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the  quantity  much  more  than  any  thing  else  that  has  been  made 
the  subject  of  experiment.    This  was  so  unexpected  on'  my  part 
that  I  was  prepared  to  meet  with  the  reverse.     I  was  first  led, 
however,  to  suspect  the  accuracy  of  my  opinion  by  observing 
that  when  1  took  porter  with  my  dinner  the  quantity  was  always 
much  reduced  below  the  standard,  when  the  reverse  was  the  case 
when  I  only  took  water.    Tliis  induced  me  to  make  some  expe- 
riments on  the  subject ;  and  their  results  were  such  as  fully  to 
persuade  me  that  alcohol^  in  every  state,  and  in  eueiy  quantity f 
umfvrmly  lessens^  in  a  greater  or  less  degree,  the  qiiantity  of 
carbonic  acid  gas  elicited,  according  to  the  quantity  and  circum^ 
stances  under  which  it- is  taken.    When  taken  upon  an  empty 
stomach  its  effects  are  most  remarkable :  in  this  case  they  appeaf 
to  take  place,  and  the  depression  to  be  greatest,  almost  instanta-* 
neously  :  after  a  short  time,  however,  the  powers  of  the  consti* 
tution  appear  to  rally,  and  the  quantity  rapidly  increases ;  then 
it  sinks  again,  and  afterwards  slowly  rises  to  the  standard.* 
Upon  a  full  stomach,   as  after  dinner,   the  effects  of  vinous 
liquors  are  more  slow,  but  no  less  sure  and  remarkable ;  I  have 
even  thought  them  more  permanent ;  but  this  might  arise  from 
my  having  taken  a  larger  quantity  than  I  chose  to  do  upon  an 
empty  stomach.    As  long  as  their  effects  are  perceptible,  so  long 
is  the  quantity  of  carbonic  acid  gas  emitted  below  the  standards 
With  me  these  effects  go  off  with  frequent  yawnings,  and  with 
a  sensj^tion  as  if  1  had  just  awaken  from  sleep.     Under  these 
circumstances  I  have  found  the  quantity  generally  much  above 
the  standard  ;  and  hence  it  would  seem  that  the  system  is  then 
freeing  itself  of  the  retained  carbon.     Very  similar  to  the  effects 
of  alcohol  are  those  of  tea  when  strong.     I  had  suspected  this 
from  what  I  had  noticed  after  breakfast ;  and  with  the  view  of 
ascertaining  the  fact,  prepared  a  strong  infusion,  three  or  four 
ounces  of  which  I  took  cold  when  the  quantity  was  at  its  maxi-» 
mum  :  the  result  was  a  very  considerable  diminution,  as  will  be 
seen  by  recurring  to  the  experiment.  This  will  probably  account 
for  its  exhilarating  and  other  effects.f    See  Exper.  8,  9,  10,  11, 
and  12.  '         ^. 

Sleep, -^  Of  course  I  have  not  had  it  in  my  power  to  ascertain 
the  quantity  of  carbonic  acid  given  off  during  sleep.  I  am, 
however,  decidedly  of  the  opinion  of  Messrs.  Allan  and  Pepys, 

«  I  have  generaUy  observed  this  sort  of  oscillation  ^heu  the  qnantity  hpt 
been  suddenly  and  greatly  raised  or  depressed  from  any  cause,  and  I  have 
been  ready  to  account  for  it  by  supposing  that  the  sudden  and  great  exertions 
of  the  animal  powers  required  to  counteract  the  effects  of  a  pois6n,  or  other 
iiyarious  cause  operaiiog,  made  them,  as  it  were,  oireracf  themselves. 

t  I  have  not  tried  opitiui,  but  have  no  doubt  that  its  effec:s  are  precisely 
similar  to  those  of  alcohol.  I  ho])e  soon,  however,  to  investigate  the  effects 
not  only  of  thb,  but  of  gome  other  articles  of  the  materia  medica  and  alimea- 
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that  it  is  low,  perhaps  somewhat  lower  than  the  usual  minimum. 
An  argument  in  favour  of  this  Qpipion  is,  that  immediately  after 
waking,  and  during  the  act,  as  it  were,  of  expergiscence,  I  have 
always  found  the  quantity  very  cons!dei*able,  even  in  some 
instances  as  high  as  the  maximum.  T^^^)  however,  i$  only  of 
short  duration ;  in  lialf  an  hour  the  quantity,  as  before  obs^veda 
is  rather  below  the  standard. 

The  depressing  passiom  of  eveiy  jiind,  aniji  ip  .s^ort  wWeVicr 
j^i((^\^^  that  pecu|i^  sei)S2^tiQD  which  induces  yawping,  sig^iing^ 
or  any  other  deep  inspiration,*  have  evidently  the  effect  of  dinii- 
nishing  the  quantity,  these  appearing  in  fact  but  to  be  s6  many 
involuntary  acts  by  which,  as  before  observed,  the  system  ^tts 
rid  of  its  retained  carbon.  Anxiety  and  solicitude  have  a  similar 
eflFect.  One  day  tli^  quafttity  was  rapidly  approaching  to  its 
maximum  when  a  friend  came  in,  whom  1  was  particularly 
anxious  to  show  the  fact :  but  the  extr^ordinai'y  solicitude  1  felt 
on  the  occasion  entirely  defeated  my  purpose,  and  the  qyantity 
was  less  than  I  had  almost  ever  seen  i^.  Had  thfs  occurred  but 
once,  I  should  not  have  noticed  it ;  h\xt  something  of  the  kind 
has  happened  to  me  frequently.  I  mention  it  also  to  convince 
those  who  may  be  inclined  to  repeat  my  experiments,  of  the 
absolute  necessity  there  is  of  keepiqg  the  i)ody  and  mind  in  a 
state  of  the  greatest  possible  uniformity.  If  this  be  not  attended 
to  the  results  will  be  discordant  and  unsatisfactory,  as  they  wer^ 
<fiNr  the  first  day  or  two  with  me ;  so  much  so,  indeed,  that  I  was 
Almost  ready  to  give  up  the  paatt^r  in  despair,  and  to  imagine 
that  there  was  nothing  like  uniformity  in  it.  By  dei^rrees,  how- 
ever, the  laws  which  I  liave  attempted  to  establish  began  to 
develope  themselves ;  and  having  discovered  these,  and  more- 
over acquired  the  habit  of  jre^iring  and  conducting  the  experi- 
fo^ViX^  with  unifotrjisiiity,  I  obtained  the  results  whieh  are  inow  laid 
.Wfi^te  the  public. 

Such,  then,  are  the  chief  observations  which  have  occurred 
to  me  in  this  investigation.  Xhe  application  of  tliem  to  th^ 
establishment  of  the  laws  I  have  laid  down  are,  1  fiattex  myself^ 
rendered  so  easy  by  the  accompanying  tables  and  experiments, 
;tbAt  I  deem  it  unnecessary  tovtroubjie  my  readers  with  it.f 

#  Thus  we  yawn  when  we  are  sleepy  to  counteract  the  effects  of  that 
iApproachin^  state  of  ttie  iysiem  which  favours  the  retention  of  carbon  andi 
iaduces  sleep.  We  yawn  and  stretch  ourselves  in  the  morning  after  waking 
.to  dispoM  of  the  carbon  which  had  been  reUined  during  that  act.  %q  also 
.jftwning  when  we  are  hungry,  and  sighing  when  we  are  in  distress,  may  be 
jeonsidcred  as  extraordinary  acts,  by  which  that  carbon  is  expelled  which  the 
ittminished  energy  of  the  system  in  these  states  is  unable  to  throw  off  by  commoa 
JBC^I^S,  but  which,  at  the  same  time,  its  welfare  demands. 

+  It  may  be  proper  to  observe,  that  '*  the  inspirations  and  expirsitlonft 
-were  somewhat  deeper  thau  natural,  though  net  a  great  deal.  The  former 
:W£re  always  made  through  the  nose,  and  the  latter  into  the  bladder,  till  tb^ 
stated  nttiaber  was  completCLd.    The  results  obtained  are  eyidently  Co  be  ml* 

Vot.  II.  N»  V.  Y 
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EXPBR.  I. 

Jug.  14,  1813.— Bar.  29-94,  Ther.  63. 


i|Mr.Ml 

qwal.  •< 
earkacid 

Ohwfvea 
ditto. 

> 

PalM. 

68 
74 
74 
70 
170 

5h  — ' 

6  50 

7  15 
S    — 

8  45 

3-46» 

3-38 

335 

3*38 

3-30 

3-45 
3-60 
300 
3-20 
3-30 

OBKRVAJIONS. 

Before  walk. 
After  a  short  ditto. 

Example  of  oicilUtioii  aUaded  U  p.  3IIj 
note. 


4    55 

3-50 

3-50 

6d 

6    55 

3-42 

3*60 

74 

7    «5 

3-40 

3-20 

68 

7    50 

3*38 

3*30 

70 

8    40 

3-35 

3*35 

68 

ExpER.  n. 

Aug.  IS.— Bar.  29-9,  Ther.  64. 

Before  walk. 
After  a  short  ditto. 

>  Example  of  oscillation  aboTCHneatioiietf. 


Beturo  to  standard. 


7  55 

8  45 

3*35 
330 

o 

3*40 
3*30 

70 
68 

9    30 

3*30 

3*30 

64 

If    37 

4*00 

3-70 

115 

12    55 

3*92 

3*70 

96 

.1    23 

3-83 

3*20 

76 

2    23 

3-70 

300 

68 

3    55 

3*60 

3*50 

72 

EXPBB.   III. 

Jug.  17.— Jar.  2989,  Ther.  64. 

Before  walk. 

Five  minntes  after  a  very  short  and  slow  dittt; 
This  shows  that  moderate  exercise  scarcely 
affects  the  quantity. 

ExPBR.    IV. 

Jug.  19.— Bar.  30-17,  Ther.  62.  -  . 

J  Immediately  after  a  very  qoick  walk  of  { 
hoar :  great  heat,  and  profuse  perspiratioB. 

i  Example  of  oscillation  above-menlioncd*    - 


derstood  as  measures  of  the  capability  of  the  organs  of  respiration,  to  fom 
^carbonic  ^cid  at  any  time,  and  not  as  measures  of  the  quantity  of  it  fotnud  in 
a  given  time.  The  experiments  of  Messrs.  Allan  and  Pepys  show,  that  how 
frequently  soever  air  is  received  into  the  lungs,  it  always  returns  charged  with 
nearly  the  same  quantity  of  carbonic  acid»  Hence  during  exercise,  ftc.  whca 
the  circulation  is  quickened,  respiration  is  so  also,  and  a  greater  qnantjty  of 
carbonic  acid  is  formed  in  a  given  time  than  when  these  functions  are  in  tbdr 
natural  state,  though  the  quantity  formed  at  a  single  inspiration  may  be  leM. 
Were  not  the  respiration  quickened  when  the  circulation  is  so,  a  great  portieta 
of  the  blood  would  pass  through  the  Inngs  without  undergoing  thai  chaofe,  M 
essential  to  life,  which  there  takes  place." 

*  Of  course  most  of  the  numbers  in  this  column  are  only  the  result  of  esti- 
mation.   They  are  introduced  merely  to  show  what  the  qaantity 
J«ftt  according  ^  the  geuenl  law,  had  not  tha  ezperimcati  been  made. 


J'dlS/)    emitted  fifom  ike  Lungs  during'' Re^tiOion. 

EXPER.  V. 

Sept.  .1.— J5ar.  29*9,  Ther.  60. 

OBSERVATIONa 


tm 


Hoar.  P.  M. 

Standtrj 
qunnt.  mt 
carb.  Bciil 
per  cent. 

ObMnred 
ditto. 

• 

Pulse. 
78 

Uh  — ' 

4-10 

4-10 

12    45 

4-00 

3-20 

112 

1     10 

3-90 

3-20 

84 

1     40 

3-80 

3-35 

76 

2    — 

3-72 

3-35 

16 

-<v. 


1    15 

3-98 

3-85 

68 

2    25 

3-82 

3-55 

70 

3     10 

3-72 

3<60 

70 

3    55 

3-64 

3-60 

68 

4    55 

d-55 

360 

68 

Before  walk. 
( Immediately  after  rather  a  quick  dftto^f  1} 
I     hour  (fatigue. 

Here,  or  account  of  the  depression  having 
been  induced  more  slowly^  there  was  n* 
oscillation ;  but  the  quantity  gradually 
rose  up  to  the  standard. 


ExPER.  VI. 

Aug.  18.— Bar.  29*95,  Tker.  64. 

Before  dinner. 

Twenty  minutes  after  ditto,  with  porter. 


.1  - 

3-60 

3-50 

64 

S    25 

3-50 

360 

72 

4    SO 
,5    25 

3-45 
t'iO 

3-70 
3-40 

68 
64 

Standard  resumed. 

EXPER.    VIL 

Aug.  26.— Bar.  30- J^,  Ther.  61. 

<  Before   dinner.     No  breakfast*    Hittle  food 
(     taken  every  hour. 

<TweQty   tninutes   after   dinner.     So  porter^ 
(     wine,  &c. 

This  shows  a  slight  increase  after  food. 
■  Standard  resumed. 

fixPER.  VIII.  and  IX. 

Aug.  27.— Bar.  30-13,  Ther.  60, 

.  Before. taking  wine, 
Five  minutes  after  taking  about  three  olmcef • 

>  Example  of  oscillation. 

Twenty  minutes  after  a  walk  and  dinner. 

Ten  minutes  after  taking  at  once  J  pint  wine.* 

Slight  effects  of  ditto  perceptible. 

Very  strong  effects  of  ditto,  as  vertigo,  &c. 

This  is  the  lowest  point  to  which  I  have  ever 

seen  the  quantity  reduced. 

Here  the  effects  were  gone  off.  Frequent 
yaWningsi,  and  a  sensation  of  having  beea 
just  awoke  from  a  deep  sleep. 

5  Standard  resumed  5^^  45'  after  having  taken  the 
wine. 


.    *  It  isiobe  obtenred,  that  although  I  do  not  absolutely  refrain  from  ferw 
mentcd  liquors,  yet  that  the  quantity  I  an  in  the  habit  of  taking  is  very  imall, 

Y  2 


11    40 

4-00 

4*00 

70 

12    10 

4  05 

3-00 

72 

12    30 

4-00 

3*40 

76 

1     — 

3-95 

310 

78 

1     25 

386 

3*10 

78 

3    - 

3*66 

3-00 

84 

3    30 

3-60 

310 

78 

3    55 

3-56 

3  00 

74 

A    5 

3*54 

300 

78 

.4    30 

350 

2*70 

78 

5    — 

3*46 

2*90 

76 

8      5 

3*32 

3-60 

76 

'^    45 

3  30 

3-50 

76 

9    30 

3*30 

3*30 

72 

34a  On  the  Quantity  of  Carbonic  jfdd   Cis        |Noii$ 


H«iir.  P.  M. 

12h  — ' 

12  30 

12  dO 

1  sa 

1  45 

2  15 
2  45 


Standard 

qiuat    of  Observed 


earb.  acid 
per  ceot 


ExiPER.  X. 

Aug.  SI.— Bar.  30-15,  Ther.  60. 

OBSBRVATIOMS. 


ditto. 


3*90 

3-87 

3-76 
3-69 
3-62 


U- 


56 


3-90 
3-60 
3-45 
3-40 

3-40 

3-35 

I  3-30 


Pulae. 


78 

74 

78 
78 

78 

78 

76 


Fiye  min.  after  taking  ^isi  of  dilated  alcohoU 
Five  min.  after  taking  5'*^  more  ditto. 
Five  min.  after  taking  5^*  more. 
This  shows  that  even  in  small  and  divided 
doses,  vyhieh  have  been  suppoied  to  en- 
sure the  stimulant  effects  of  alcohol,    it 
still  acts  by  dimiaishing  the  quantity  of 
carbonic  acid. 


2  45 

3-65 

3:40 

80 

3  '  5 

3-62 

310 

78 

3  35 

3-58 

3^30 

76 

4   5 

3-53 

3-60 

74 

4  35 

3-49 

3  65 

74 

6   5 

3-45 

3*45 

74 

EXPER.   XI. 

SepL  I.— Bar.  29-85,  Ther.  61. 

[Twenty  minutes  after  dinner  a|4 ^  pint  vriiie. 
Effects  less  ihan  I  had  before  experienced 
after  this  quantity. 


I . 


IS   5 

4-00 

4-00 

72 

12  20 

3-97 

390 

72 

12  40 

3^3 

310 

72 

1   5 

3-88 

3-50 

72 

Example   of  oscillatiiMi.      Perhaps   alsd  of 
effects  of  food. 

Standard  resumed. 


ExPER.     XII. 

Aug.  29.^Bar.  301,  TJier'.  60. 


5  Five  min.  after  taking  ^ii  <»f  very  itrong  tiHit 
I     cold. 


I  shall  close  this  long  essay  with  a  few  general  obsefvaitioiis,^ 
and  an  account  of  the  instiTument  employed  in  the  cxperimentSa 

Of  the  causes  operating  to  produce  the  above  variations,  no 
4oubt  the  state  of  the  circulation  is  to  be  compered  as  one.  ft 
is  impossible  but  to  suppose  that  when,  casteris  paribus,  a  greater 
quantity  of  blood  is  exposed  in  a  given  time  to  the  action  of  th^ 
air,  that  a  greater  quantity  of  carbonic  acid  gas  must  be  formed, 
supposing  this,  at  least,  to  be  a  common  chemical  process.  It 
must,  I  think,  be  admitted,  therefore,  that  this  cause  contri- 

This  will  account  for  the  effects  produced  by  what  would  scarcely  act  at  alt  oa 
one  in  the  habit  of  taking  Ittrger  quantities,  perhaps  iu  these  caies  a  battiest 
tiro^  would  be  necessary  to  produce  similar  effects^ 
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butes  in  some  degree  to  the  production  of  the  phenomeiia  io 
question,  though,  there  is  every  reason  to  believe,  in  a  very 
limited  one.  A  very  superficial  examination  of  the  above  expe- 
riments will  show  that  the  quantity  of  carbonic  acid  gas  formed 
bears  scarcely  any  proportion  to  the  numerical  state,  at  least,  of 
the  pulse.  This,  indeed,  I  admit  to  be  a  very  imperfect  criterioa 
of  the  quantity  of  blood  circulating  through  a  part  in  a  givea 
time,  unless  its  strength  and  degree  of  fulness  be  taken  into  the 
account ;  but  it  might  be  asked,  has  the  pulse  been  noticed  to  be 
uniformly  stronger  and  fuller  in  the  middle  of  the  day  than  at 
any  other  time?  and  is  it  not  constantly  so  under  the  operatioa 
of  hard  exercise  and  the  influence  of  wine  ? 

Mr.  Brodie,  in  his  excellent  dissertations  on  the  effects  of 
poisons,  has  apparently  demonstrated  that  respiration  is  altogether 
dependant  on  the  brain  ;  since,  when  the  operations  of  this  organ 
were  destroyed  or  cut  off,  it  almost  immediately  ceased,  while 
the  heart,  which  he  found  much  less  under  nervous  influence, 
continued  for  some  time  to  act,  and  circulate  dark  coloured 
blood.     He  found  also  that  alcohol,  the  essential  oil  of  bitter 
almonds,  and  some  other  poisons,  act  as  such  simply  by  destroy- 
ing the  functions  of  the  brain  apparently  by  sympathy,  and  not 
by  absorption ;  and  that  under  the  operation  of  these,  respira* 
tion  soon  begins  to  be  ill  performed,  and  if  their  quantity  has 
been  great,  at  last  entirely  ceases.  *   This,  then,  while  it  enables 
us  to  account  for  the  effects  of  alcohol  in  our  experiments,  seems 
also  at  the  same  time  to  prove,  in  general,  that  another  cause 
besides  the  mere  state  of  the  circulation  is  immediately  and 
largely  concerned  in  the  production  of  the  phenomena  in  ques- 
tion.     I  conclude,  therefore,  that  the  nervous  system^  acting 
•r^partly  through  the  medium  of  the  blood,  and  immediately  by  its 
influence  over  the  function  of  respiration,  is  th^  grand  source  to 
which  we  must  refer  them  all. 

The  laws  which  we  have  attempted  to  establish  are  no  other 
than  modifications  of  that  general  principle  which  prevails  oVer 
all  living  actions.  A  state  of  depression  ever  follows  a  state  of 
excitement;  and  the  greater  that  excitement  has  been,  the 
greater  is  the  consequent  depression.  On  the  other  hand,  an 
uniformity  of  action  at  any  point  of  the  scale  within  which  it 
ranges,  is  no  less  incompatible  with  life,  than  a  gre^jt  and  sudden 
deviation  towards  either  extreme.  In  all  living  actions,  there- 
fore, states  of  comparative  rest  alternate  with  states  of  exertion  ; 
and  these  alternations  are  evidently  coniiecte d  with  the  presence 
©r  absence  of  the  sun ;  for  according  as  this  "  great  source  of 
life  and  heat "  is  present  or  absent,  are  organized  beings,  in 
general,  either  awake  and  active,  or  asleep  and  inactive.    Now 

*  Phil.  Trans.  1811. 
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at  noon  this  powerful  agent  of  nature  is  at  his  height^  and  hence 
at  this  time  may  be  supposed  to  exert  his  maximum  energy ; 
whatever,  therefore,  is  under  his  immediate  influence^  must  now 
be  supposed  to  be  affected  most  strongly  •,  and  if  the  hypothesis 
be  correct,*  that  nervous  action  is  so,  it  is  perhaps  easy  to 
account  for  many  important  phenomena  which  it  presents,  and, 
among  others,  that  of  the  greater  elicitation  f  of  carbonic  acid 
at  noon,  respiration  being  considered  as  under  its  immediate 
influence. 

Of  the  immediate  operations,  however,  of  the  sun,  or  minor 
agencies  under  his  direction,  upon  the  nervous -system,  we  know 
nothing,  as  every  thing  connected  with  this  p?irt  of  our  frames 
is  buried  in  the  most  profound  obscurity.  To  refer,  therefore,  an* 
animal  function  or  open^tion  to  this  system,  is  id  other  words  to 
confess  our  ignorance  of  its  nature ;  and  I  consider  it  better  to 
do  this  thar>  to  run  the  chance  of  falling  into  error  myself,  and 
of  misleading  others  by  a  demonstration  that  in  the  present  state 
of  our  knowledge  must  be  purely  hypothetical.'  It  is  possiblq 
also  that  the  laws  I  have  attempted  to  establish  niay  depend  upon 
some  idiosyncrasy,  or  suite  of  habits,  peculiar  to  tnyself,  and 
may  not  be  general.  .If  they  do  exist,  no  doubt- they  are  liable 
to  be  modified  in  no  small  degree  by  liabit,  and  even  perhaps 
totally  subverted.  Others,  however,  must  decide  this.  With 
respect  to  myself,  I  can  only  say  that  I  have  no  doubt  of  their 
existence.  At  all  events,  speculations  would  be  premature  on  a 
subject  so  slenderly  founded  as  the  ipse' dixit  of  a  single  indivi- 
dual;  and  hence  1  shall  defer  my  opinion  till  Thave  searched 
into  the  matter  further  myself,  and  heard  the  observations  of 
others.  Should  they  be  established,  1  flatter  ipyself  they  will 
throw  no  inconsiderable  light  on  some  important  points  in  phy-» 
siology  and  pathology. 

The  instrument  with  which  these  experiments  wpremade  is  ex- 
tremely simple,  and  the  mode  of  using  it  may  perhaps  be  learned 
by  a  mere  reference  to  the  figure  [Plate  XIII].  Its  whole  capacity 
to  B  is  exactly  25  cubic  inches  of  water  at  60  ;  of  these  2  cubic 
inches  are  occupied  by  the  neck,  which  is  accurately  graduated 
into  tenths  of  a  cubic  inch.  When  used,  it  is  filled  with  water, 
and  a  bladder,  C,  containing  the  respired  air  is  "-screwed  on,  as 
represented  in  the'  figure;  it  is  then  fixed  in  the  stand;  and  by 
turning  the  stop-cocks,  G  and  H,  the  water  is  permitted  to  run  out 

*  Are  not  ^11  the  rpost  powerful  agents  iq  nature,  as  heat^  ligbt,  electricitjn 
magnetism,  &c.  which  ap|)ear  to  influence  so  iuimediately  and  energetically 
animal  life,  directed  and  governed,  with  respect  to  their  periodical  changes, 
l)y  the.  earth's  motions  on  its  axis  and  in  its  orbit,  which  act  only  by  placiog  i^ 
in  diflcrent  positions  with  respect  to  the  sun  ? 

f  Not  its  formation :  this  is  probably  only  a  commoD  chemical  process^ 
The  regulation  of  thp  degree,  &c.  of  its  foriuatioi\  is  tqjtte  ondentood. 
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toB.  After  having  stood  some  time,  till  it  has  acquired  the' 
temperature  of  the  sivrrounding  air,  the  stop-cock,  G>  is  tumedj 
and  the  elastic  gum-bottle,  D,  containing  a  pretty  strong  solu« 
tion  of  caustic  potash,  is  screwed  on^  at  the  bottom,  a^repre«* 
sented,  in  such  a  manner  that  no  air  be  suffered  to  exist  in  it. 
The  cock,  H,  is  then  tumed,^  and  the  caustic  potash  introduced 
into  the  instrument,  and  well  shaken,  till  all  the  carbonic  acid  is 
supposed  to  be  absorbed ;  it  is  then  returned  into  4he  bottle,  and 
the  stop-cock,  H,  secured*  The  instrument  is  then  transferred  to 
the  stand,  F,  and  the  cock,  H,  again  opened  under  water  in 
the  vessel,  £,  which  rising  shows  the  quantity  of  carbonic  acid 
contained  in  the  analised  air,  care  being  taken  to  raise  or  depress 
the  instrument  till  the  water  stands  exactly  at  the  same  heignt  on 
the  inside  as  the  outside  of  the  stem. 

The  bladder  used  on  this  occasion  contained  about  ^500  cubiQ 
inches,  ahd  the  number  of  expirations  was  always  six,  which  were 
made  as  nearly  as  possible  in  an  uniform  manner,  both  with 
respect  to  time  and  depth. 

From  some  experiments  made  with  mercury,  and  also  ex- 
pressly with  the  view  of  ascertaining  the  quantity  of  carbonic 
acid  absorbed  by  the  water  used  in  the  experiment,  I  have  reason 
to  conclude  that  the  quantity,  upon  an  average,  amounted  to 
about  one  per  cent.  This  quantity,  accordingly,  ha9  been  added 
to  all  the  numbers  originally  found  by  the  instrument.  As  this 
source  of  error  was  general  and  uniform^  it  is  obvious  that  the 
results  were  not  comparatively  affected  by  it.  Other  sources  of 
error,  which  I  am  well  aware  are  very  numerous,  were  carefully 
guarded  against  by  every  possibk  attention  to  those  circumstances 
in  which  they  were  most  likely  to  take  place. 


Article  III. 


On  the  Method  of  separating  Iron  from  Manganese,      By 

Charles  Hatchett,  Esq.  F.R.S.  &c. 

(To  Dr.  Thomson.) 

DEAR  SIR,     '  Mount  Clare^  Moehampton^  Sept.  25,  1818. 

In  the  last  Number  of  your  Annals  of  Philosophy  1  have 
remarked  a  paper  entitled  "  Contributions  towards  a  Chemical 
Knowledge  of  Manganese,  by  Dr.  John,"  first  published  in 
Gehlen's  Journal  fur  die  Chimie,  &c.  in  which  the  author  states 
Oiehlen's  method  of  separating  iron  from  manganese  by  succinic 
acid>  and  aUo  Us  own  process  performed  by  meaos  of  axalic 


94^        Mefthod  6f  separaMng  Iron  frwn  MahgMese.    '^tff^ 

a,c!id.  I  am  therefore  induced  to  coiDmuDicate  to  yM  a  verf 
simple  and  easy  method  of  perfectly  separating  Manganese  from 
iron,  &c.  which  I  have  tor  many  years  (employed  in  vlirijoiw 
^i^eriments  and  analyses^  although  I  have  not  hitherto  had 
oqcasion.to  state  it  in  a6y  publicatiod; 

Sect.  t. 

A  solution  of  any  ore  of  manganese  having  been  made  at 
«isufll  in  muriatic  acid,  and  filtrated,  ihost  be  diluted  with  tfareift 
oir  four  piuts  of  cold  distilled  water.  To  this  dilated  tolution  apdd 
jl^dually  pure  I  ammonia,  occasionally  stirring  the  liquor  until 
the  acid  has  become  perfectly  neutialized ;  a  few  dvopR  of 
amnlooia  may  then  be  added ;  so  that  th\e  liqiror  shall  vffif 
slightly  restore  the  blue  colour  to  litmus  pi^r  which  has  btcift 
letidehed  by  acetous  acid. 

.  Thte  ferruginous  precipitate  must  thten  be  separated  by  filtrt^ 
.tion,  and  the  liquor  which  passes  will  be  found  devoid  of  coloilBV 
and  contains  the  pure  manganese  in  permanent  solution.  It 
affords  a  White  precipitate  with  prussfete  of  potash,  and  the  oxide 
X>f  manganese  may  be  obtained  by  evaporating  th?  solution  TD 
dryness,  and  by  expelling  the  muriate  of  ammohia  by  hteatj 
after  which,  if  any  of  the  muriate  shonid  t>e  suspected  to  remail)3 
it  may  be  separated  by  washii^  the  oxide  upon  a  filter* 

Sect,  it 

Pure  oxide  of  mang^rtese  may  be  also  obtained  by  tfddfnf^ 
^Vntaonia  in  cx)nsiderable  excess  to  the  cold  dihited  mumth: 
solution,  which  then,' without  loss  of  time,  must  be  poailgd 
nj)on  a  filtre  of  one  fold.  The  liquor  which  passes  becomes  ik 
a  few  minutes  turbid  and  brownish,  a  pellicle  is  formed,  and  in 
about  24  hours  the  greater  part  of  the  manganese  separates 
spontaneously  in  the  state  of  biown  oxide ;  and  if  the  remaining 
liquor  he  evaporated  to  drynes?s  and  heated,  the  whole  of  the 
oxide  will  he  obtained.  But  the  objection  to  this  method  is, 
that  the  manganese  is  so  rapidly  separated  from  the  ammoniacal 
solution,  that  it  is  scarcely  possible,  even  by  the  quickest  fiftral- 
tion,  to  |>revent  bX)me  part  fron*  being  deposited  on  the  filter,  so 
that  it  becomes  agaiti  mixed  with  the  precipitate  of  iron,  alu- 
mine,  &c. 

The  effects  of  amtfionia  oft  the  green  oxide  ef  iron  *re  well 
^know^ ;  but  I  do  not  recollect  any  instance  of  this  oxide  t)eing 
found  conjoined  with  manganese ;.  and  therefore  it  is 'not  Hkely 
to  interfere  with  the  process  above  described. 

WheA  ammonia  in  great  excess  is  added  to  the  iieiltralileed 
solution  (Sect.  I.),  the  same  effect  is  produded  as  in  Section  fl., 
^$xiA  \fate  mimgnnese  ik  spcmuaeoosly  ^posited. 


'  lETCjpmute  to  air  does  hot  appear  16  l)e  necessat^,  fo^  the  tnit^ 
ture  of  the  neutralized  liquor  (Sect.  I.)  and  ammonia  beCooi^ 
tarbid  in  close  vessels. 

If  nitric  acid  be  added  to  the  neutralized  liquor  (Sect.  !.^ 
previous  to  its  beittg  isupertaturated  with  ammonia,  the  rtianga- 
nese  is  not  more  speedily  separated,  and  in  some  experiments 
the  nitric  acid  seemed  rather  to  retard  that  effect. 
.  I  need  scarcely  mention,  that  in  cases  of  analyses,  if  atiy 
iliitnina)  or  calcareous  earth,  &t.  should  be  suspected  to  hlavc 
iMficiome  mixed  with' the  precipitated  oxide  of.  manganese,  the^ 
may  be  readily  separated  by  digestion  in  very  dilute  nitric  acid. 

if  a  mixture  ef  the  neutralized  solution  of  manganese  and 
^  green  muriate  of  cq)per  be  supersaturated  with  ammonia,  as 
■ibSect.  11.^  the  manganese  separates,  bs  already  I'escribed,  th^ 
copper  remaining  in  solution  ;  and  if  the  liquor  be  evaporated 
to  dlyne^  the  copper  may  be  taken  up  and  sejmrated  from  the 
.  oxide  "of  tean^nese  by  digesting  the  residuum  in  warm  atti^ 
Ihonia.  I  am,  dear  Sir, 

Yours  very  sitacetely, 

CliARllBS  HAPeilETT. 


V"   ■■'"■■■  """      '    ■"'^' 


Article  IV. 

Miner alogical  Observations^  By  Robert  Jameson,  Esq.  F.R.S.E. 
Regius  Professor  of  Natural  History  in  the  University  of 
Edinburgh. 

The  mineralogical  investigations  I  have  been  engaged  in  for 
%Wne  years  past  have  enabled  me  to  make  several  interesting 
observations.    The  follo^itig  short  enumeration  contains  a  few 
of  the  most  important  of  these : — 

1.  That  primitive  rocks  contain  no  mechanical  deposites,  the 
'conglomerated  rocks  in  gneiss  and  porphyry  being  entirely  of  a 
tftrenfical  nature, 

2.  That  greywacke  is  always  a  pure  chemical  deposite,  and 
t^ntains  no  mechanical  intermixture. 

d.  That  felspar  occurs  more  abundantly  in  nature  than  is 
generally  ^supposed,  this  mineral  being  one  of  the  principal  con- 
*Stitaerit  parts  of  granite,  gneiss,  clay  slate^  porphyry,  sienite^ 
^&rp'&rUinej  flinty  slatCy  homstone,  grtywacke,  transition  slata, 
striped  jasper,  oldest  conglomerates ^  besides  forming  in  some 
'degree  the  basis  of  most  of  the  primitive,  transition,  and  floeCz 
teq)  rocks. 
^    il.  That  tb'e  tast  1>eds  pf  conglomerate  which  rest  upon^  kai 
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sometimes  probably  alternate  with,  transition  rocks>  are  abo 
diemical 'deposites. 

S.  That  sandstone  in  many  instances  appears  to  be  a  ekemkal 
deposite. 
*  6w  That  many  of  the  fragments  and  fragmented  appearances 
which  occur  in  porphyry,  limestone,  and  trap  rocks,  are  of  a 
diemical  nature,  and  of  cotemporaneous  formation  with  the 
locks  in  which  they  are  contained. 

7*  That  true  primitive  veins,  tliose  confined  to  primitive  rock% 
whatever  may  be  ^helr  nature  or  magnitude,  are  often  of  cotem*" 
poraneous  formation  with  the  rocks  they  traverse. 

S.  That  many  of  the  veins  in  transition  and  floetz  countries^ 
even  those  extending  for  many  hundred  yards,  and  of  great 
width,  are  of  cotemporaneous  formation  with  the  rocks  in  whidh 
they  are  contained. 

9.  That  strata  of  crystallized  rocks  may  appear  to  run  beneath 
an  older  rock  when  they  really  rest  upon  it^  and  have  been , 
formed  after  it.  . 

10.  That  the  various  wavings  in  the  strata  of  gneiss^  mica . 
slate,  day  slate,  greywacke,  transition  slate,  and  sandstone,  are 
the  efifects  of  crystallization. 

11.  That  the  general,  physical,  and  geograpliical  distribution 
of  petrifactions  in  the  crust  of  the  earth  does  not  correspond 
with  that  of  the  present  exbting  races  of  animals  and  plants. 


Article  V, 

Some  MiTierahgical  Observations  on  CornwaJL     By  Thomas 

Thomson,  M.D.  F.R.S. 

(Continued  frtn  p,  253.) 

In  the  rapid  sketch  of  the  south  of  Cornwall,  which  war 
printed  in  the  last  Number  of  the  Annals  of  Philosophy,  I  have 
described  nearly  every  part  of  the  county  that  appears  demon- 
strably to  belong  to  the  transition  class  of  rocks.  1  suspect^ 
indeed,  that  this  class  of  rocks  extends  considerably  farther 
north  than  I  have  been  able  to  trace  it :  nor  would  it  be  sur- 
prisiqg  if  the  whole  of  the  county  should  be  hereafter  proved  to 
be  transition  ;  but  as  I  obseiTed  no  facts  to  support  this  opinioq, 
we  cannot  at  present  adopt  it. 

The  road  nrom  Merazion  to  Penzance  winds  along  tlie  sea- 
shore, and  no  rocks  are  to  be  seen  till  you  reach  the  north  end 
of  ^tlie  latter  town.    Here  a  bed  of  blue  stone  is  perceiveil 
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shelving  down  towards  the  sea.  This  rock  is  thick  slaty,  and 
has  very  much  the  appearance  of  clay  slate,  but  is  CQnsiderably 
harder  than  any  clay  slate  which  I  ever  saw.  It  is  dark  blue^ 
gives  a  white  streak,  and  has  little  or  no  lustre.  It  will  be  con- 
sidered, I  presume,  as  a  variety  of  day  slate  ;  at  least  I  do  not* 
know  any  other  rock  to  which  it  can  be  so  well  referi^cd. 

The  pier  of  Penzance  is  situated  near  the  south  end  of  thi 
town.  It  is  built  of  granite,  and  is  just  finished.  Beds  of  a 
granitic  rock  are  seen  rising  out  of  the  sea  just  behind  this  pier. 
It  is  a  remarkably  hard  rock,  of  a  brownish  grey  colour,  and 
consists  chiefly  of  felspar,  in  which  crystals  of  transparent  quartz 
are  imbedded,  which  give  it  the  appearance  of  a  porphyry. 
Mica  is  very  sparingly  distributed  through  this  rock;  you  may 
examine  diferent  specimens  before  you  perceive  any.  Over  tha 
granitic  rock  lies  a  bed  of  clay  slate.  It  is  thick  slaty,  like  the 
bed  at  the  north  end  of  the  town ;  but  its  texture  is  coarser,  it  is 
not  so  hard,  and  has  a  purplish  colour. 

These  two  clay  slate  rocks  were  the  only  ones  of  the  kind  that 
I  observed  in  the  whole  peninsula,  upon  the  east  side  of  which 
Penzance  is  situated.  They  have  none  of  the  peculiar  charactem 
of  primitive  clay  slate,  but  approach  much  more  nearly  to  those 
of  transition  slate.  Hence  I  am  disposed  to  consider  them  as 
transition.  They  lie  immediately  over  the  gi'anite  rock,  which^ 
as  far  as  I  was  able  to  determine,  seems  clearly  to  constitute  the 
fundamental  rock  of  this  peninsula.  Between  Penzance  and  the 
land's  End,  a  distance  of  ten  miles,  no  other  stone  but  granite 
was  to  be  seen.  Granite  blocks  were  thick  scattered  over  the 
fields,  they  constituted  the  matierial  of  which  all  the  stone  hedges 
are  constructed,  and  I  met  here  and  there  with  rocks  of  granite 
quarried,  in  order  to  procure  materials  for  mending  the  roads. 
This  granite  is  porphyritic,  the  felspar  is  brown,  the  quartz 
white,  and  the  mica  black.  It  contains  numerous  large  crystals 
of  white  felspar,  three  or  four  inches  long,  and  often  two  or 
three  inches  broad.  These  crystals  give  the  stone  a  peculiar  and 
t-ather  beautiful  appearance.  It  is  common  to  observe  black 
irregular  shaped  patches  in  this  granite,  which  when  seen  at  a 
distance  resemble  fragments  of  other  rocks;  but  when  examined 
more  closely,  they  are  found  to  consist  of  scales  of  black  mica 
thick  set  in  a  base  of  quartz.  I  thought,  at  the  time,  that  I  per- 
ceived likewise  some  hornblende  in  this  granite,  and  broke  off 
some  specimens  on  that  account;  but  upon  examining  these 
specimens  more  carefully  at  Penzance,  I  found  that  the  black 
matter  was  not  hornblende,  but  mica.  This  kind  of  grtoit^ 
<:ontinues  all  the  way  to  the  Land's  End.  The  rocks  composing 
that  promontory  consist  of  it.  They  are  perpendicular  cMfS 
jibove  200.  feet  high  ;  and  the  aspect  which  they  have  acquired, 
froQ)  long  exposure  to  the  weather,  puts  oue  in  miud  of  the  &c^ 
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t>f  an  old  hay-stack  partly  cut  away  with^  a  hay-knife.  Tbit 
brownish  yellow  colour  is  owing  to  the  great  preponderancy  of 
lelsrar  in  this  rock. 

The  Logan  rock,  about  three  miles  south  from  the  Land*! 
Endj  consists  of.  an  immense  block  of  the  same  kuid  of  granite, 
so  poized  upon  a  |)oint  as  to  be  move-rible  by  the  force  of  a  man* 
Veins  of  schorl  are  said  to  exist  near  it,  but  I  did  not  see  them. 

The  primitive  granite  of  Cornwall  appears  to  constitute  a  tract 
of  no  great  height  nor  breadth,  extending  from  the  Land's  find 
to  the  extremity  of  Dartmoor  in  Devon,  and  therefore  runniitt 
in  a  direction  not  very  far  from  south-west  and  north-east.  1 
did  not  indeed  trace  it  the  whole  of  this  way,  but  I  crossed  it 
in  three  several  places,  at  a  considerable  distance  from  each 
otlier,  and  therefore  have  reason  to  think  it  highly  probahle  that 
the  it>ck  continues  all  this  way  (a  length  of  about  120  miles). 
The  Scilly  Islands  are  likewise  granite,  and  are  doubtless  a  con- 
tinuation of  the  same  range.  This  granite  range  terminates  in 
the  sea  at  both  extremities.  It  rises  gradually  all  the  way  from 
the  Land's  End  to  Dartmoor,  where  it  constitutes  mountaiilS| 
some  of  which,  as  we  learn  from  the  trigonometriGa)  survey,  aie 
1549  feet  above  the  level  of  the  sea.* 

This  granite  range  of  ground  does  not  exceed  three  miles  in 
breadth  (and  indeed  at  Redruth  appears  narrower)  in  CorawaU, 
but  in  Devonshire  its  breadth  is  considerably  greater.  About 
fcalf  way  between  Bodmin  and  Laynceston,  you  cross  another 
granite  tract.  It  would  seem  that  it  branches  off  from  the  east 
and  west  granitic  range  nearly  at  right  angles ;  or  perhaps  the 
granitic  range  becomes  wider  at  this  place  than  usual.  It 
appeaix,'d  to  go  north  some  miles  beyond  the  high  road  from 
Bodmin  to  L^unceston,  and  constituted  all  the  way  a  tract  much 
more  elevated  than  the  rest  of  the  country,  and  rising  in  some 
places  so  as  to  form  mountains. 

Clay  slate  rests  upon  this  granite  range,  both  on  the  nofth  and 
south  side  Ihis  clay  slate  on  the  south  side  dips  south,  and  on 
the  north  side,-  north,  showing  evidently  that  it  lies  over  the 
granite.  On  the  west  side  of  the  north  and  south  granite  range 
it  dips  west ;  and  at  the  east  side,  towards  Launceston,  it  dips 
cast.  When  we  examine  it  at  a  considerable  distance  from  the 
granite  range,  it  appears  horizontal.  These  observations,  which 
1  made  in  a  variety  of  places,  leave  no  doubt  that  this  extensive 
bed  of  day  slate  every  where  covers  the  granite,  and  is  nowhere 
covered  by  it.  It  is  likely  that  the  granite  rock  extends 
very  widely,  and  may  even  constitute .  the  basis  of  the  county; 

•  Accordio^  to  that  snrvey,  Brovro  Willy  is  1368  feet,  and  Rippintor  1549 
feel,  above  the  level  of  the  sea.  According  to  Dr.  Berger,  Cape  Cornwall 
near  I  he  Land's  Knd  is  '2^9  feet,  and  Carnbrae  (a  hiU  at  Redruth)  697  fect^^ 
«^ve  (he  level  of  tlie  sea. 
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for  the  mines  are  all  situated  in  the  clay  slate,  frequently  at  na 
very  great  distance  from  the  granite.  Nonv  when  these  mines  go 
deep,  it  sometimes  happens  that  they  penetrate  through  the 
whole  of  the  clay  slate,  and  continue  on  in  the  granite;  thus 
affording  a  demonstration  that  the  granite  lies  under  the  claj^ 
slate.  This  is  the  case,  for  example^  in  the  mine  of  Uuel  Unity, 
two  miles  east  from  Redruth.  , 

This  clay  slate,  in  eviery  part  of  the  county  tliat  I  observed  it^ 
as  for  example  at  Truro,  at  Bodmin,  at  Launceston,  and  in  the 
mines  extending  about  ten  miles  east  and  west  from  Redruth, 
has  the  characters  of  transition  clay  slate.  .  It  has  not  the  conti- 
nuous lustre  which  distinguishes  primitive  slate  ;  but  is  almost 
dull,  glimmering  only  from  the  specks  of  mica  which  are  scat- 
tered through  it.  The  colour  is  most  commonly  dark  blue,^  or 
purple.  This  rock  is  uniformly  distinguished  in  Cornwall  by  the 
name  of  killas.  Hence,  if  my  opinion  be  well  founded,  the 
Cornish  term  killas  is  synonymous  with  transition  slate.  1  hav^ 
every  reason  to  believe  that  it  is  never  applied  to  greywacke* 
Hence  the  substitution  of  it  tor  greywacke,  as  has  been  proposed 
bv  Mr.  Playfair,  and  practised  by  Mr.  Allan  and  ISir  James 
Hall,  would  be  the  introduction  of  an  error,  and  would  uni* 
formly  mislead  every  mineralogist  who  drew  his  notions  of  grey- 
wacke from  the  killas  of  Cornwall. 

In  the  parish  of  8t.  Stephen's,  about  five  miles  from  St.  Austle, 
there  occurs  in  the  granite  range  a  curious  rock,  which  is  wrought 
in  many  places,  and  constitutes  the  material  from  which  the 
porcelain  clay  for  the  Staffordshire  potteries  is  obtained.     This 
rock  consists  of  a  white  and  very  soft  felspar  basis,  which 
erumbles  to  powder  between  the  fingers,  and  falls  down  in  the 
state  of  clay  in  water.     Small  transparent  quartz  crystals,  are 
thick  scattered  through  this  basis.     I  could  perceive  no  mica, 
and  have  reason  to  believe  that  the  rock  contains  none.     This, 
rook  is  sent  to  Staffordshire  in  two  states.     It  is  quairied  out  in 
lumps,  and  sent  in  that  state  without  any  preparation.    These 
himps  are  ground  down  in  Staffordshire,  and  the  quartz  powder 
acts  the  essential  part  of  counteracting  the  too  great  tendency 
which  the  clay  lias  to  contract.     The  second  mode  in  which  it 
is  sent  to  Staffordshire  is  quite  different.    The  rock  is  exposed 
to  a  current  of  water,  which,  washing  off  the  fine  clay  particles, 
runs  milk  white  into  pits  prepared  for  the  purpose.     Here  tlie 
water  gradually  evaporating  leaves  the  fine  white  clay,  which  is 
dug  out  in  squares,  and  when  dry  packed  up  in  barrels,  and  sent 
to  the  sea-shore.    Only  the  purest  water  can  be  used  fw  this 
purpose,  and  great  care  Is  taken  that  the  instruments  used  are  of 
such  a  nature  as  not  to  communicate  any  metallic  stain^  which 
would  render  the  clay  unsaleable.. 
The  excellence  of  this  rock  consists  in  the  almost  total -ab- 
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seoce  of  metal.  It  seems  to  be  composed  of  nothing  else  thaif 
silica  and  alumina.  I  do  not  know,  indeed,  that  it  has  ever 
been  subjected  to  a  chemical  analysis ;  but  this  ought  to  be  its 
composition,  on  the  supposition  tliat  it  consists  of  pure  felspar 
and  quartz,  and  that  no  metallic  matter  is  present. 

Almost  all  the  mines  in  Cornwall  are  confined  to  a  tract  about 
six  miles  broad,  running  from  the  Land's  End  to  the  extremity 
of  Dartmoor,  seemingly  in  the  same  direction  with  the  granite 
range,  and  just  beside  it.  The  ores  are  all  in  veins,  the  most 
important  of  which  run  in  an  east  and  west  direction.  It  haa 
been  observed  that  the  principal  tin  veins  run  from  south-we^t 
to  north-east,  while  the  principal  copper  veins  run  from  west  ta 
east.  There  are  a  considerable  number  of  these  veins  not 
exactly  parallel  to  each  other,  but  approaching  to  that  direction. 
In  Dolcoath  mine,  for  example,  I  counted  eight  veins.  These 
veins  in  Cornwall  are  called  lodes.  During  their  course  they 
vary  considerably  in  thickness,  and  even  in  their  direction^ 
They  go  to  a  very  considerable  depth  ;  and  not  one  of  them,  at 
&r  as  I  could  learn,  has  ever  been  mined  to  its  extreme  depth* 
The  ores  have  generally  been  observed  to  increase  in  value  as 
the  vefai  deepens.  One  of  the  deepest  mines  in  Cornwall  m 
Dolcoath,  about  a  mile  south*west  of  Redruth.  Its  present 
depth  is  220  fathoms.  I  believe  Huel  Unity  was  still  deeper; 
but  of  late  the  deepest  part  of  it  has  been  abandoned.  This  was 
owing  to  a  mine  on  tlie  south  side  of  it  having  been  forsaken* 
The  water,  in  consequence,  accumulated  to  such  a  degree  that 
the  expense  of  drawing  it  up  was  greater  than  the  mine  oouM 
afford.  This  obliged  them  to  forsake  the  lowest  part  altogether^ 
It  is  common  to  find  tin  at  the  top  of  copper  veins ;  but  never 
copper  at  the  top  of  tin  veins.  The  upp^r  part  of  the  vein  is 
called  gossan  by  the  miners.  It  contains  less  ore  than  the  lower 
part,  and  the  veinstones  are  always  stained  yellowish  red,  as  tf 
they  had  been  steeped  in  ochre.  The  rock  which  borders  on  thfc 
vein  on  both  sides  is  called  the  country.  This,  about  Redruth^, 
is  always  transition  slate;  except  at  a  considerable  depth.  Thus 
at  Huel  Unity,  at  the  depth  of  50  fathoms,  the  country  becomes 
granite.    To  this  granite  they  give  tlie  name  of  gratien. 

The  veinstones  are  frequently  quartz.  Sometimes  they  consist 
of  homstone  porpiiyryy  a  stone  to  which  the  miners  give  the' 
name  of  elvan.  I  got  specimens  of  elvan  from  the  overseers  ot 
five  or  six  different  mines,  and  all  of  them  consisted  of  hornstone 
porphyry,  differing  indeed  ;5omewhat  in  its  colour,  and  in  the 
size  of  the  crystals  which  it  contained ;  but  in  other  respects  the? 
sanae.  Hence  I  conceive  there  can  be  no  doubt  that  elvan  in 
Cornwall  signifies  hornstone  porphyry.  Sometimes  clay  occurs 
in  the  veins.    To  this  the  miners  give  the  name  oi  Jieuckan. 

The  only  copper  ore  of  any  consequence  that  occurs  in  these 
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veins  is  copper  pyrites.  The  arseniates  of  copper,  &c.  ai^e  to$ 
trAM  in  quantity  to  iie  of  any  importance  in  a  mining  point  of 
iriew.  Iron  pyrites  and  arsenical  pyritts  are  likewise  veiy 
eommon  attendants.  They  are  both  confounded  under  the  name 
of  mundic.  Wolfram  is  rather  scarce ;  for  I  did  not  observe 
toy  specimens  of  it  in  any  of  the  mines  that  I  vis^ited.  Floor 
•par  is  a  veiy  common  veinstone.  It  is  always  green^  and  it 
distinguished  by  the  name  of  green  spar.  Galena  occa^ionallf 
occurs ;  sometimes,  as  in  Huel  Anne,  in  such  quantities  that  it 
fa  collected  and  sold.  In  these  cases  its  never-^failing  companion^ 
blende^  is  also  met  with  ;  and  blende  is  likewise  in  some  mines 
collected  and  sold.  In  the  united  mines  on  the  south  side  of 
Huel  Unity  I  observed  a  good  many  speciipens  of  native  copper 
among  the  ore.  The  arseniate  ofleadj  a  beautiful  mineral  latelf 
analysed  by  Mr.  Gregor,  has  only  been  found  in  Huel  Unity 
mine,  in  a  cross  vein  at  some  considerable  depth.  It  was  in  tlie 
tame  mine,  unless  I  am  mistaken,  that  some  of  the  finest  specie 
Ikiens  of  the  arseniate  of  copper  occurred.  Green  mica>  or  oude 
of  uranium,  has  been  found  at  Beeralston,  at  the  eastern  extre- 
mity of  the  county^  and  Mr.  Gregor  showed  me  a  yellow  vsarietf 
df  the  same  ore  from  a  mine  in  the  parish  of  St.  Steveift.  ft 
was  in  th^  same  mine  that  the  sulphuret  of  tin  formerly  06ctirred« 

Besides  the  veins  running  easterly  and  westerly,  which  are 
Jthose  of  the  most  consequence,  there  are  other  veins  which  run 
from  north  to  south,  and  on  that  account  are  called  cross  courses. 
These  veins  are  usually  filled  with  quartz.  They  sometimes 
contain  ores,  but  most  commonly  not.  They  constitute-  the 
newest  of  the  Cornish  veins;  for  they  always  cut  through  the 
other  veins^  and  frequently  alter  .their  positions  ;  so  that  tlie 
pprtion  of  the  vein  on  the  west  side  of  the  cross  course  lies  fer- 
tber  north  than  the  portion  of  the  same  vein  on  the  east  side. 
These  cross  veins  vary  in  breadth  from  a  few  inches  to  20 
fiithoms.  The  greatest  of  them  is  about  three  miles  east  from 
Redruth,  and  has  been  traced  from  sea  to  sea.  In  some  places 
it  is  f  0  fathoms  wide,  in  others  only  a  few  feet.  It  heaves  all 
the  veins  which  it  crosses  about  50  fathoms. .  That  portion  of 
the  vein  oh  its  west  side  is  50  fathoms  &rther  north  than  the 
pert  of  the  vein  on  the  east  side. 

The  tin  ore  is  always  tinstone,  or  oxide  of  tin.  This  ore 
extends  the  whole  length  of  the  mining  district.  The  Scilly 
Islands  contain  the  same  veins,  and  formerly  tin  mines  were 
wrought  in  them.  No  doubt  this  was  the  reason  why  they 
reeeived  from  the  ancients  the  name  of  Cassiterides,  for 
'  KflfcerciTgf Of,  as  every  body  knows,  is  the  Greek  name  for  till.  • 
During  Queen  Elizabeth's  reign  considerable  quantities  of  tin 
were  raised  in  Partmoor.    Hence  there  can  be  no  doubt  that 
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the  great  tin  veins  extend  over  the  whole  length  of  Coron^ 
fuid  Devon,  and  lose  themselves  at  both  extremities  in  the  aeii.  • 

Tin  has  been  raised  in  Cornwall  from  time  iiyimemorl^. 
It  is  well  known  that  the  Phenicians  traded  to  this  <^i|aty 
for  tin  at  least  3000  years  ago.  Indeed,  if  we  believe  Cam^eQ, 
the  name  Britain  was  given  to  our  island  on  account  of  the  tin 
which  it  yielded ;  for  it  signifies,  be  says,  the  land  o^  Itn. 
Remains  of  the  old  tin  mines  are  now  and  then  found  in  Cpnir 
wall.  They  are  never  deep  :  and  it  would  appear,  from  the  wiqr 
in  which  they  are  constructed,  that  the  mode  of  raising  the  off 
was  to  throw  it»  by  means  of  shovels,  to  a  recess  cut  in  the  shal^ 
for  that  purpose ;  from  thb  it  was  thrown  to  another  recess ;  apj 
this  was  continued  till  it  reached  the  top  of  the  mine.  The 
copper  mines  constitute  at  present  by  far  the  most  important 
nines  in  Cornwall.  Prodigious  quantities  of  copper  are  raised 
there  annually.  It  is  not  much  more  than  100  years  since  the 
mining  for  copper  commenced ;  and  during  the  last  SO  yean  if 
faas  been  carried  to  a  much  greater  extent  than  before.  > 

As  far  as  1  had  the  means  of  observing,  the  Cornish  mines  arr 
managed  with  very  considerable  skill.  The  machinery  is  aU 
good,  and  in  many  places  excellent.  They  are  obliged  almost 
^very  where  to  use  steam-engines,  on  account  of  the  scarcity  of 
water.  A  regtdar  monthly  statement  of  the  work  done  by  these 
itfeam-engines  is  collected,  a  plan  which  has  been  attended  with 
much  good  effect  already.  The  best  steam-engines,  with, the 
consumption  of  one  bushel  of  coals,  raise  27,000^00  of  gallons 
of  water  one  foot  high.  The  little  water  which  can  be  collected 
is  applied  to  drive  machinery  with  great  skill ;  but  the  expense 
of  procuring  water  is  generally  so  great  as  to  render  steamr 
engines  preferable. 

If  I  were  to  pr&iume  to  find  fault  with  any  part  of  the  prqoew 
followed  by  the  Cornish  miners,  it  would  be  the  nnmner  of 
washing  the  tin  ore  after  roasting  it.  The  tin  ore  is  always  mixe4 
with  copper  pyrites,  iron  pyrites,  and  arsenical  pyrites.  To  get 
rid  of  the  arsenic  (or  mundic,  as  they  term  it,)  thb  mixed  ore 
is  roasted  in  a  reverheratory  furnace.  The  powder  after  ihv 
process  is  washed  in  water ;  and  by  that  means  the  tin. ore,  which 
is  heavy,  is  easily  separated  from  the  copper  ore,  which  is  liglit 
Now  it  appears  to  me  that,  by  this  roasting,  a  co^isider^ble  poptioA 
pf  the  copper  pyrites  must  be  changed  into  sulpl^ate  of  copper. 
All  this  portion  will  be  dissolved  by  the  water  used  in  washing 
and  entirely  lost.  I  should  propose  to  throw  tl)e  roasted  ore  ialp 
-a  kind  of  pit,  to  cover  it  with  water,  stir  it  about,  and  afttr  fi 
iiew  days  draw  off  the  water  mto  a  separate  pit.  Old  iron  thix)wp 
into  this  water  would  precipitate  the  copper :  and  I  am  persuadejl 
iUm  the  quantity  of  ciippefT  tbufi  saved  wopld  much  more  U^fi 
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paj  the  expense  of  the  process.  The  ore,  after  the  water  is| 
dravirn  off,  may  be  washed  in  the  manner  at  present  practised. 
. '  The  names  by  which  the  Cornish  mines  are  distinguished  are 
ttsualiy  contrived  by  the  first  adventurers,  and  are  often  whim-* 
sical  enough.  The  terra  huel  (pronounced  tjuill)^  prefixed  to 
every  mine,  is  said  in  the  Cornish  language  to  signify  a  mhie : 
the  other  name  is  taken  from  some  accidental  circumstance  or 
other.  Thus  Dolkoath  was  the  name  of  an  old  woman  (Dorotfay 
Koath)  who  lived  upon  the  spot  where  the  mine  began  working; 
Huel  Alfred  was  named  by  Mr.  Jenkins  after  his  son  Alfred 
Jenkins.  Huel  Providence  was  so  called  from  the  accidental 
way  in  wliich  the  vein  was  discovered. 

.  .  1  cannot  terminate  this  sketch  without  noticing  the  roads  in 
Devonshire  and  Cornwall.     They  are  by  far  the  worst  which  I 
have  seen  in  any  part  ot  Great  Britain,  and  are  very  disgraceful 
ta  -both  counties.     The  road  from  Dorchester  to  Exeter  is,  I 
presume,  very  old*     The  great  object  seems  to  have  been  to  get 
upon  every  possible  hill ;  and  the  country  is  so  hilly  that  the 
whole  road,  with  very  little  interval,  con:)ists  in  steep  at»cents  and 
descents.     Horses  cannot  possibly  drag  lialf  a  load  upon  it.     No 
great  skill  would  be  necessary  to  construct  a  road  between  Dor- 
chester and  Exeter  almost  perfectly  level.    Why  this  is  not  done 
is  not  easy  to  conceive.     The  counties  of  Dorset  and  Devon 
.would  soon  pay  the  expense  in  the  difiierence  of  the  loads  which 
could  be  carried  from  place  to  place j  and  in  the  greater  eas^ 
^ith  which  the  level  road  could  be  kept  in  repair.     These  obser- 
vations apply  with  double  force  to  the  road  between  Plymouth 
and  Falmouth,  many  parts  of  which  are  as  badly  constructed  as 
it  is  possible  for  them  to  be.     In  a  country  where  the  internal 
communication  is  so  great  as  in  England,  it  is  amazing  to  see  so 
long  and  important  a  line  of  road  so  much  neglected. 


Article  VI. 


'  An  Account  of  the  'Explosion  of  Injidmmalle  Air  which  very 
lately  occurred  in  the  Hall  Pit  at  Fafjield,  Drawn  •  up  for 
the  "  Annals  of  Philosophy.'* 

I  PROMISED  in  my  account  of  the  accident  which  occurred  in 
^  the  CoUingwood  Main  Colliery,  which  you  have  inserted  in  the 
:•  last -Number  of  your  excellent  Journal,  that  you  should  hear 
<4K}m  me  again  upon  the  subject  of  explosions  in  coal-mines ; 
?but  I  did  not  expect  that  it  would  so  soon  have  fallen  to  my  lot 
to  record  an  accident  of  greater,  iaiportance,  from  the  number 
of  lives  which  were  lost,  than  that  of  the  CoUingwood  Main 
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Colliery.  On  Tuesday,  the  28th  of  September,  at  half-past 
twelve  p.  m.  the  inflammable  air  of  the  Hall  Pit  Colliery  at 
Fatfield,  distant  nine  miles  from  Sunderland,  exploded,  by 
which  thirty-two  pitmen  were  instantly  killed,  and  four  woundedU 
The  overman,  Mr.  Joseph  Noble,  reports  to  the  writer  of  this 
article,  *^  that  the  same  morning  on  which  this  accident  hap- 
pened, he  considered  himself  as  safe  in  this  colliery,  as  he  was 
at  that  moment  in  his  own  house."  At  the  same  time  it  is 
proper  to  remark,  that  three  explosions  of  inflammable  air  had 
taken  place  at  different  periods  in  this  colliery,  by  which  three 
men  were  killed  each  time. 

This  explosion  is  supposed  to  have  been  occasioned  by  the 
falling  of  a  stone  from  the  roof  of  the  mine,  which  carried  the 
inflammable  air  with  it,  so  as  to  bring  it  into  contact  with  the 
pitmen's  candles.  All  the  men  who  were  in  the  workings  were 
killed  ;  and  of  the  four  young  men  who  were  at  the  shaft,  one 
was  killed  upon  the  spot,  and  three  escaped  with '  life.  Geoi*ge 
Noble,  son  to  Mr.  Noble  the  overman,  informs  me  that  he 
was  one  of  the  people  employed  at  the  shaft,  and  had  the  good 
fortune  to  escape,  with  the  exception  of  a  considerable  swelling 
over  the  whole  body,  which  continued  for  a  few  hours,  and  then 
.  gradually  subsided.  This  swelling  was  supposed  by  his  friends 
to  be  occasioned  by  the  carbonic  acid  gas  of  the  mine.  This 
young  man  also  mentions  that  he  heard  three  distinct  reports^ 
which  suddenly  followed  each  other ;  and  that  he  was  rapidly 
driven  to  the  distance  of  four  yards  by  the  violence  of  the  ex- 
plosion ;  and  about  this  time  he  was  deprived  of  sensation,  for 
the  first  circumstance  which  he  remembers  was  his  difficulty  of 
breathing,  and  at  the  same  time  he  was  seized  with  pains  in 
different  parts  of  the  body.  He  is  now  (Sept.  30)  perfectly 
recovered,  though  still  very  weakly.  All  the  unfortunate  mea 
are  now  got  out  of  the  colliery,  with  the  exception  of  an  old 
man,  David  Red  ley,  who  held  theappointment  of  depiity^over* 
man. 

This  coal-mine  was  understood  to  be  as  carefully  worked,  and 
as  free  from  danger,  as  any  mine  in  the  kingdom ;  so  much  so, 
that  many  of  the  pitmen,  who  happened  to  be  at  their  own 
houses  at  thetime  when  the  explosion  happened  in  the  Hall  Pit 
Colliery,  could  not  believe  that  such  an  accident  had  occurred ; 
and  all  persons  v/ho  knew  the  Hall  Pit  Colliery  were  impressed 
with  the  same  favourable  opinion.  No  blame  whatever  is. 
attachable  to  any  person  concerned  in  this  colliery,  as  far  9S  I 
can  ascertain.  What  person  in  his  sober  senses'  will  believe  that 
the  present  mode  of  management  of  coal-mines  is  the  best  that 
can  be  devised  for  the  prevention  of  such  accidents  ?  Against 
such  melancholy  facts,  what  arguments  can  interested  persons 
bnng }    How  dreadful  must  be  the  situation  of  those  honest 
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khd  industrious  people,  who  know  not  how  soon  they  niay  be 
*^  gathered  to  their  forefathers," , by  a  sudden  and  violent  death! 
How  long  are  such  frequent  catastrophes  to  be  permitted  ?  The 
Slave  Trade,  when  at  its  acme,  did  not  carry  such  horror  to  the 
feeling  mind  as  these  shocking  explosions. 

Sept.  30,  1813.  ^ihiKiiiyiq^ 
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Article  VII, 

Experiments  on  the  Stability  of  Vessels  containing  a  Weli  on 

Board,    By  Col.  Mark  Beaufoy, 

(To  Dr.  Thomson.) 

MT  DBAR  SIR,  Hadmey  Whk,  Oct.  9,  181S. 

Having  often  heard  of  the  fishing- vessels  employed  in  the 
North  Seas  being  lost,  and  that  no  part  of  the  vessels  came  on, 
shore,  it  was  concluded  they  must  have  foundered  in  the  Ocean ; 
and  having  paid  some  attention  to  naval  architecture,  I  was  led 
to  consider,  if  the  cause  of  the  sinking  of  vessels  occupied  in  thQ 
ftheries  might  not  be  partly  attributed  to  the  faulty  construction 
of  the  wells  in  which  the  fish  are  preserved.  As  the  surest  road 
to  come  at  facts  is  by  the  test  of  experiment,  I  have  taken  the 
lH)erty  of  troubling  you  with  the  result  of  my  inquiries  on  this 
Mlgect,  which  I  hope  may  be  useful  in  saving  the  lives  and  pro- 
perties of  our  countrymen. 

Having  caused  a  hollow  parallelopipedon  to  be  made,  which 
measured  in  length  very  nearly  24  inches,  in  breadth  9  inches, 
and  in  depth  7  inches ;  it  was  loaded  until  it  was  immersed  ia 
'water  4^  inches,  or  exactly  one-half  of  its  breadth ;  and  the^ 
bullast  was  so  adjusted  that  the  centre  of  gravity  of  the  figure 
was  precisely,  in  each  experiment,  2-^  above  the  bottom,  or  ia 
Ac  same  point  at  the  centre  of  gravity  of  the  displaced  fluid. 
This  concave  parallelopipedon  had  likewise  two  partitions,  dis- 
tant from  each  other  13*57  inches,  for  the  purpose  of  forming  a 
well ;  this  well  had  also  a  deck,  the  under  side  of  which  was 
eve^n  with  the  surrounding  fluid;  when  the  figure  floated  in  an 
upright  position,  the  breadth  of  the  well  was  8^^  and  the  depth 
4^  inches. 

By  comparing  these  experiments  together,  it  is  evident  that 
the  first  and  second  experiments  very  nearly  coincide  :  the 
variation  may  justly  be  attributed  to  the  unavoidabre  inaccuracy 
in  making  the  experiments;  and  the  conclusion  to  be  drawn 
from  the  near  coincidence  is,  that  the  water  in  the  well,  when 
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confined,  acts  as  ballast,  as  a  lump  of  ice  would,  on  the  suppo^ 
sition  that  ice  and  water  were  of  the  same  specific  gravity. 

Experiment  the  third,  in  which  the  holes  of  the  well  ^re 
opened,  and  the  water,  when  the  vessel  is  inclined,  permitted 
to  escape,  gives  a  very  different  result.    The  vessel  in  this  case  . 
becomes  more  and  more  deficient  in  stability  as  the  inclination 
increases,  because  the  water  escapes  to  windward ;  which  pro- 
duces the  same  effect  as  if  so  much  ballast  was  placed  on  the 
lee  side  :  therefore,  to  insure  the  safety  of  the  vessel,  by  pre- 
venting it  from  oversetting,  the  well-deck  must  be  as  much 
depressed  as  is  equal  to  the  greatest  inclination  the  vessel  may 
receive  by  the  pressure  of  sail ;  but,  as  in  many  cases  the  capa- 
city of  the  well  would  be  too  much  diminished  by  placing  the 
well-deck  so  low  down,  the  escape  of  the  water  might  be  pre- 
vented by  internal  valves,  which  would  close  of  their  own  accord 
by  the  action  of  the  fluid  when  running  out.     These  valves 
could  with  facility  be  kept  open  by  a  line,  one  end  being  fas- 
tened to  the  valve,  and  the  other  end  coming  on  the  deck  ;  by 
this  means  the  water  contained  in  the  well  could  be  shifted  for 
the  preservation  of  the  fish.    The  advantages  of  a  well,  it  b 
conceived,  might  be  usefully  employed  on  many  occasions :  for 
instance,  if  a  boat  on  shore  is  immediately  wanted,  and  baHast 
requisite,  it  is  evident  it  must  be  put  on  board  either  before  the 
boat  is  launched,  or  afterwards ;  if  before,  it  becomes  heavy, 
and  difficult  to  move ;  if  after,  time  is  lost ;  but  not  so  with  a 
well ;  for  in  this  case  time  will  be  saved,  as  the  boat  will  take  in 
its  ballast  whilst  under  sail :  in  this  case  the  aperture  may  be 
made  through,  or  by  the  side  of,  the  keel,  (as  it  matters  not  in 
what  part  of  the  body  the  orifice  is  made,)  and  stopped  with  a 
plug,  when  the  well  is  filled.    This  plug-hole  through  the  well- 
deck  will  suffer  the  air  to  escape  while  the  well  is  filling,  and  by 
its  insertion  both  holes  closed.    As  I  am  on  this  subject,  a 
thought  has  struck  me  which  may  be  deemed  worthy  of  consi- 
deration by  the  Public  Boards  connected  with  the  naval  depart- 
ment ;  that  if  the  orlop  deck  of  a  74-gun  ship  were  made  water- 
tight, and  if  by  accident  the  ship  got  aground,  or  by  any  other 
cause  sprung  a  dangerous  leak,  I  have  no  doubt  if  die  hatches 
were  battened  down,  and  otherwise  well  secured,  it  would  swim 
by  this  deck,  and  have  considerable  stability,  by  which  the  lives 
of  the  crew^  and  the  materials  of  the  ship,  would  be  saved* 
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Experiment* 

Oz.  Ayoird. 

Weight  of  the  water  displaced  by  the  parallelopi- 7  cra.nf; 

pedon  was 5 

Weight  of  the  paitillelopipedon  substract 111*56 

Remains  the  weight  of  ballast 447*50 

When  the  well  is  filled  must  be  deducted  the?  r.^...  /^n. 
weight  of  water 5  ^^"^'^^ 

Remains  the  weight  of  ballast  used  inExperi-7  iqq  .o 
mentsU.andlll 5  ^^^"^^ 


5 
10 
15 

20 
t25 
30 


£X»ER.    I. 


2 


2-4687 

4-9531 

7-7343 

10-7187 

13-9687 

173437 


Difference. 

2-4844 
2-7812 
2-9814. 
3-2500 
S-3750 
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2-3437 

5-0075 

7-7343 

10-9375 

13  8750 

17  3437 


Difference. 

2-6638 
2-7248 
3-2062 
2-9375 
3-4687 


£XP£R.    III. 


2-3759 
4-3125 
61612 
8-3750 
10-8906 
13-5312 


Difi'erenc& 

1-9375 
1-8487 
2-2138 
2-5156 
2*6406 


The  first  column  shows  the  degree  of  inclination  produced  by 
the  weights  (Column  2.)  applied  to  a  lever  of  24*7 1  inches  in 
length.  1  remain,  my  dear  Sir, 

Your  much  obliged  and  faithful 

Mark  Bbaufoy^ 


Article  VIII. 

Experiments  on  the  Nature  of  Azote^  of  Hydrogen,  and  of 
Ammonia,  and  upon  the  Decrees  of  Oxidation  of  which  Axote 
is  susceptible.  By  Jacob  Berzelius,  M.D.  F.R.S.  Professor 
of  Chemistry  and  Pharmacy  in  Stockholm. 

{Continued  from  p,  284.) 

Let  us  now  examine  the  composition  of  nitrous  acid, 

Gay-Lussac,  in  a  memoir  on  this  subject,  has  endeavoured  to 

prove  that  this  acid  is  formed  when  three  volumes  of  nitrous  gas 

are  condensed  by  one  volume  of  oxygen  gas ;  that  is  to  say,  that 

i^ne  volumie  of  azote  requixes  1|^  volume  of  oxygea  to  be  coa^ 
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verled  into  nitrous  gas.  According  to  the  results  of  that  cele- 
brated chemist,  the  degrees  of  the  oxidation  of  azote  are  1,  2, 
2|^,  45  but  that  series  does  not  correspond  with  what  we  have 
found  respecting  other  oxidable  bodies.  This  consideration 
genders  Gay-Lussac-s  determination  of  the  composition  of  nitrous 
acid  doubtful. 

Mr.  Dalton  {New  System  of  Chemical  Philosophy ,  ii.  231,) 
determines  the  constituents  of  this  acid  to  be  32-7  azote  and 
67*3  oxygen.  This  is  a  greater  proportion  of  oxygen  than  Gay- 
X/ussac  obtained.  According  to  the  ingenious  manner  of  Mr. 
Dalton  of  expressing  chemical  compounds,  nitrous  acid  is  com- 
posed of  2  atoms  of  azote  and  3  of  oxygen ;  but  there  is  a 
strong  objection  against  this  hypothetical  estimation.  If  we 
suppose  a  combination  of  2  atoms  of  one  body  with  3  of 
another,  we  have  equal  reason  to  suppose  the  ppssibiliiy  of  a 
combination  of  3  atoms  with  4,  5  with  6,  &c.  By  thus  in- 
creasing the  number  of  atoms  of  each  body  united  as  much  a$ 
the  possibility  of  mutual  contact  will  permit,  we  extend  the 
bounds  of  chemical  proportions  indeed,  but  almost  entirely 
destroy  the  doctrine  of  determinate  proportions. 

Among  the  experiments  to  determine  the  composition  of 
iiitrous  acid,  Mr.  Dalton  states,  that  the  greatest  quantity  of 
nitrous  gas,  which  one  volume  of  oxygen  gas  is  able  to  condense, 
amounts  to  3-6  volumes.  This  determination  deserves  the  more 
attention,  because  we  shall  find  that  it  exhibit$  th^  real  consti- 
tution of  nitrous  acid. 

Sir  Humphry  Davy  in  his  Elements  of  Chemical  Philosophy^ 
(vol.  i.  p.  265,)  informs  us,  that,  from  experiments  made  oh 
purpose,  he  considers  nitrous  acid  as  composed  of  4  volumes  of 
oxygen  gas  and  1  volume  of  azotic  gas.  According  to  this 
observation,  the  degrees  of  oxidation  of  azote  will  be  1,  2,  4, 
5  ;  but  in  this  series  we  do  not  find  the  number  3,  a  combina* 
tion  which  would  certainly  have  appeared  had  the  series  been 
exact. 

I  published  myself  a  set  of  experiments  on  the  composition 
pf  nitrous  acid ;  and  as  I  set  out  from  another  point,  I  hadl 
different  results  from  those  which  I  have  stated.  I  examined 
different  combinations  of  nitrous  acid  with  ^line  bases,  and 
especially  with  the  oxide  of  lead  {Ann.  de  Chim.  July^  1812,).  a 
class  of  salts  before  that  time  almost  wholly  uillfnown.  These 
experiments  prove,  1.  That  the  nitrous  acid  fornjs,with  the  oxide 
of  lead  three  different  compounds,  namely,  a  neutral  nitrite  and 
two  subsafts,  in  one  of  which  the  acid  is  combined  with  twice  as 
inuch  base  as  in  the  neutral  nitrite.  This  circumstance  proves 
that  the  acid  must  contain  a  quantity  of  oxygen,  which  is  a 
miikiple  of  the  oxygen  in  the  base  by  an  even'number;  and  as 
^WaiuQbcr  «ft|i>|iQither  be  2  por  6,  it  must  necessarily  be  4, 


1813.]        Aiiate,  of  Hydrogen,  and  of  Ammonia.  8^9 

2.  I  showed  how  a  neutral  nitrite  of  ainnK>nia  may  be  produced^ 
and  I  have  proved  that  a  solution  of  this  salt,  not  too  concen- 
trated, exposed  to  a  temperature  of  from  104°  to  122°,  is 
decomposed  with  effervescence,  disengaging  pure  azotic  gas 
without  any  change  in  the  neutrality  of  the  salt.  This  could 
not  happen  unless  the  acid,  supposing  azote  to  be  its  radicle, 
neutralized  a  quantity  of  base,  the  oxygen  in  )ivhich  amounts  to 
\  of  that  in  the  acid,  or  to  \  if  we  suppose  nitric  to  be  the 
radicle.  In  that  case  the  series  of  the  oxidation  of  azote  will 
be  1,  2,  3,  5,  and  that  of  nitric  1,  2,  3,  4,  6  ;  and  here,  as  is 
the  case  with  sulphur  and  arsenic,  the  acid  in  ic  contains  the 
radicle  combined  with  1^  times  the  quantity  of  oxygen  that  the 
acid  in  ous  has.  According  to  this  determination,  nitrous  acid 
is  formed  when  one  volume  of  oxygen  condenses  3^  volumes  of 
nitrous  gas ;  that  is  to  say,  tliat  one  volume  of  azote  combines 
with  li  volume  of  oxygen.  Hence  this  acid  is  composed  by 
weight  as  follows  : — 

Hadicle 16-55    or    Azote 37*41 

Oxygen  .......  83'45  Oxygen 62-59 

100-00  100-00 

I  shall  now  add  some  proofs  of  the  justness  of  this  determi- 
nation, by  showing  that  what  Gay-Lussac  and  Davy  considered 
as  nitrous  acid  could  not  be  that  acid  in  reality.  One  of  the 
best  methods  of  doing  this  is  to  examine  what  passes  when  lead 
is  dissolved  in  neutral  nitrate  of  lead,  so  as  to  convert  the  nitric 
acid  of  the  salt  into  nhrous  acid.  (See  Ann.  de  Chim.  July, 
1812.)  To  avoid  long  circumlocutions,  I  shall  here  employ  a 
simple  and  short  method  of  expressing  determinate  combina- 
tions, which  I  always  use  in  my  annotations.*  Let'Az  =  azote^ 

*  I  shall  take  the  liberty  of  giving  a  short  explanation  here  of  this  method, 
which  is  founded  on  something  very  analogous  to  the  corpuscular  hypothesis 
of  Dalton.  It  is  known  that  bodies  in  their  gaseous  state  cither  unite  in  equal 
volumes,  or  one  volume  of  one  combines  with  2,  3,  &c.  volumes  of  the  other. 
XrI  us  express  by  the  initial  letters  of  the  name  of  each  substance  a  determi- 
nate qnantity  of  that  substance ;  and  let  us  determine  that  quantity  from  its 
relation  in  weight  to  oxygen,  both  taken  in  the^aseous  slate,  and  in  e^ual 
Tolumes ;  that  is  to  say,  the  specific  gravity  of  the  substances  in  their  gaseous 
state,  that  of  oxygen  being  considered  as  unity.  I  have  made  choice  of 
oxygen  for  uaity,  because  it  constitutes,  as  it  were,  the  central  point  of  che- 
mistry, and  because  it  enters  more  frequently  than  any  other  substance  into 
CcHnpounds  in  various  proportions,  and  ought  therefore  to  be  the  easiest  to  add 
or  subtract.  Jt  is  obvious  that  this  comes  to  the  same  thing  as  Mr.  Dalton's 
weights  of  atoms ;  but  I  have  the  advantage  over  him,  of  not  founding  my 
nanihers  on  an  hypothesis,  but  upon  a  fact  well  known  and  proved. 

When  two  bodies  have  the  same  initial  letter,  I  add  the  second  letter;  and 
should  that  also  be  the  same,  I  add  to  the  initial  the  first  consonant  of  the 
word  that  differs.  In  the  class  of  combustiblci^  which  I  call  metalloids,  I  use 
only  the  initial  letters.  F«r  example,  8  zz  sulphur,  Sn  =  tin  {stannum)^ 
St  zz  antimony  (s/iMtwi),  C  n  carbon^  Cu  zz.  copper  (c»praim),  M  =:  ouiria- 
ticum,  Ms  =  magnefiuiB,  Mn  ss  iBao|;aaete|  &c*    TbuU%V\.\.^S&'Oi»^««»^'l 
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N  =  nitric,  O  =  oxygen,  and  P  =  lead  {plumbum),  Az  + 
5  O,  according  to  Sir  Humphry  Davy,  is  nitric  acid;  and  Az 
rf  4  O,  nitrous  acid.  According  to  the  result  of  my  experi- 
ments, nitric  acid  ought  to  be  rej)resented  by  N  -|-  6  O,  and 

let  us  write  Az  O,  N  O,  &c.  instead  of  Az  +  5  O, 
nitrous  acid  by  N  -f  4  6.  To  abbreviate  these  signs  a  little^ 
N  +  6  O. 

The  formula  which  represents  the  nitrate  of  lead  b   then 

Az  O   4-  O  P,  and  that  which  represents  the  neutral  nitrite 

must  be  Az  O   -f   P  O.     Hence  it  follows,  that  in  order  to 

reduce  the  nitric  to  nitrous  acid  we  must  add  another  P,  and  we 

4 
Bhall  have  Az  O  +  2  P  O.     There  will  be  no  disengagement 

of  nitrous  gas ;  and  when  the  nitrate  has  dissolved  as  much  lead 
as  it  originally  contained,  no  nitric  acid  can  remain  in  it.  Every 
portion  of  lead  added  beyond  that  quantity  will  occasion  a  dis- 
engagement of  nitrous  gas,  and  will  form  a  nitrite  containing  a 

4 
still  greater  excess  of  base,  namely,  Az  O  -f:  4  P  Q,     Let  us 

examine  whether  this  happens  or  not. 

In  my  experiments  on  the  formation  of  nitrite  of  lead,  I  have 
proved  that  the  solution  of  the  lead  was  always  accompanied  by 
^he  disengagement  of  nitrons  gas.  This  circumstance  appears  at 
first  to  give  a  decisive  proof  against  the  determination  of  Davy; 
but  this  proof  is  only  apparent ;  for  whatever  be  the  composition 
of  nitrous  acid,  it  is  easy  to  prove  that  its  formation  ought 
always  to  take  place  without  the  evolution  of  nitrous  gas,  in 
consequence  of  the  property  which  the  two  acids  have  of  forming 
subsalts  in  different  degrees  of  saturation  ;  and  if  we  consider 
the  evolution  of  nitrous  gas  as  a  necessary  consequeuce  of  the 
formation  of  nitrous  acid,  it  will  hot  be  possible  to  form  any  idea 
of  the  interior  of  the  operation.  1  he  disengagement  of  nitrous 
gas  depends  upon  another  cause,  which  1  have  already  pointed 
but  in  my  memoir  on  the  nitrites.  {j4nn.  deChim.  Jiily^  1812.) 
It  is  owing  to  the  propeity  which  the  neutral  nitrites  have  of 
being  decomposed  at  a  temperature  between  177°  a»d  212^, 
with  the  disengagement  of  nitrous  gas,  and  the  formation  of 
subnitrates ;  and  this  happens  equally,  though  there  be  no  lead 
to  dissolve.  This  disengagement  is  much  slower,  if  the  solution 
be  dilute ;  but  in  concentrated  solutions  it  takes  place  with 
effervescence.  We  must,  then,  ascribe  the  evolution  of  nitrous 
gas  in  the  above  experiment  to  the .  decomposition  of  a  small 
portion  of  nitrite  immediately  after  its  formation.  To  prove  the 
truth  of  this  opinion,  1  digested  a  solution  of  ten  parts  of  neutral 

|o  understand  these  formulas.    The  only  thing  that  remains  to  render  the  nsc 
0t  them  more  g;enera\,  h  to  ActuTmlive  cotr<»ctly  the  specific  graTity  of  thu 
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nitrate  of  lead  with  metallic  lead  in  an  apparatus  proper  to 
collect  the  gas  which  might  be  evolved.  The  apparatus  was 
surrounded  with  hot  water,  into  which  I  had  put  a  thermometer. 
When  the  water  acquired  the  temperature  of  131°  the  lead 
began  to  tarnish,  and  at  140*  it  was  covered  with  a  white  crust, 
and  the  liquid  began  to  acquire  a  yellow  colour  at  167°.  There 
Was  a  sensible  action  between  the  lead  and  the  liquor,  but  still 
without  any  disengagement  of  gas,  At  176°  bubbles  of  air 
slowly  formed,  and  the  action  was  increased.  I  then  diminished 
the  temperature  to  1 67°,  and  I  kept  it  nearly  at  that  tempera- 
ture for  36  hours.  There  had  disengaged  about  3L.th  of  a  cubic 
inch  of  gas,  which  was  a  mixture  of  nitrous  gas  ^nd  of  azotic 
gas  driven  from  the  solution  by  the  elevation  of  the  temperature. 
The  lead  was  entirely  covered  by  a  wliite  crystalline  crust ;  and 
0  quantity  of  the  same  substance  crystallized  on  the  inside  of  the 
glass  during  the  cooling.  The  liquor  had  a  fine  yellow  colour, 
?vhich  it  retained  even  when  cold.  On  examining  it,  I  found 
that  it  contained  a  small  quantity  of  nitrate  of  lead  pot  decomi-r 
posed,  and  neutral  nitrite  of  lead,  to  which  it  owed  its  colour. 
The  white  crystalline  precipitate  was  the  first  suhnitrate.  When 
heated  it  lost  3  per  cent,  of  water ;  and  when  raised  to  a  red 
heat,  1 9  per  cent,  of  nitric  acid  were  disengaged,  leaving  78 
parts  of  yellow  oxide  of  lead.  This  experiment  proves  that  th^  • 
nitrite  may  be  formed  without  the  disengagement  of  nitrous  gas; 
and  it  is  evident,  that  when  nitrous  acid  is  formed  at  the  same 
time  that  the  base  increases  in  quantity,  it  is  the  nitric  acid  that 
ought  in  the  first  place  to  combine  with  that  excess,  because  its 
affinity  for  the  oxide  of  lead  is  stronger  than  that  of  nitrous 
acid.  After  this  loqg  but  necessary  digression,  we  will  resume 
pur  examination  of  the  decomposition  of  nitrate  of  lead  by  lead 
in  the  metallic  state. 

We  have  said  that  when  Az   O  -f  P  O  has  dissolved  an 

4 

additional  P,  it  is  converted  into  Az  O  +  2  P  O ;  that  is  to 
say,  when  100  parts  of  nitrate  of  lead  have  dissolved  6'J^ 
piarts  of  lead  (a  quantity  equal  to  that  previously  contained  in  the 
nitrate),  the  whole  is  converted  into  nitrite  :  and  when  a  greater 
quantity  of  lead,  as,  for  example,  7^  parts,  is  dissolved,  h  con- 
siderable quantity  of  subnitrite  at  a  maximum  must  be  formed, 
at  the  expense  of  the  nitrous  acid  of  the  nitrite ;  but  1  have 
proved  that  100  parts  of  nitrate  of  lead  are  capable  of  dissolving 
77  9  parts  of  lead  before  any  perceptible  trace  of  subnitrite  at 
a  maximum  can  be  discovered  {Ann.  de  Chlm,  Julyy  \^\2)\ 
that  is  to  say,  that  the  same  subnitrite,  which  is  already  formid 
viwhen  the  liquor  has  dissolved  62-i-  parts  of  lead,  continues  still 
to  be  formed  till  the  liquor  has  dissolved  7^  parts  of  lea<l.  This 
/experiment  proves,  then,  tt)at  nitric  acid  luis  more  oxygen  to 
lose  before  it  is  converted  into  nitrous  «lc\4  \\mmx  S&  ^2aws^\K^ 
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^itb  the  determination  of  Davy.  Hence  it  follows  that  the 
difference  between  nitrous  and  nitric  acids  must  be  greater  thw 
between  Az  -f  ^  O  and  Az  +  5  O. 

But  if  we  suppose  nitric  acid  to  be  N  -f-  6  O,  and  nitroui 
*  licid  to  be  N  +  4  O,  we  shall  find  that  it  will  afford  a  satisfac- 
tory explanation  of  all  the  phenomena. 

To  understand  completely  the  experiment  in  question,  we 
must  divide  the  operation  into  three  periods.  The  Jirst  period 
continues  till  one-half  of  the  nitric  acid  is  decomposed  by  a 
second  quantity  of  lead  dissolved.  There  is  formed  at  first  some 
£rst  subnitrate  and  some  neutral  nitrite ;  then  the  subnitrate 
begins  to  be  decomposed,  and  to  be  converted  into  subnitrite. 
At  the  end  of  this  period  the  liquor  contains  first  subnitrate 

(N  6  +  2  PO)  and  first  subnitrite  (N  6  -f   2  P  O).     The 

second  period  terminates  when  two-thirds  of  the  nitric  acid  are 
converted  into  nitrous  acid,  ,and  one-third  remains  still  unde-^ 
composed.  The  nitrate  has  then  dis^solved  1^  as  much  lead  as  it 
contained  at  first;  that  is  to  say,  7^  parts.    The  solution  whil^ 

cooling,  deposites  second  subnitrate  (NO  +  3  P  O)  mixed 

4 

with  a  great  quantity  of  the  first  subnitrite  (N  (D  -f-  2  P  O). 
It  is  to  be  understood  that  1  suppose  no  nitrous  gas  to  be  disen- 
gaged. This  disengagement  produces  no  effect  upon  the  ulti- 
mate results  of  this  operation ;  but  when  it  takes  place  the  quan- 
tity of  subnitrite  at  the  end  f  the  second  period  is  diminished 
in  consequence,  while  at  the  same  time  that  of  the  subnitrate  is 
increased.  The  third  period  terminates  when  the  whole  of  the 
nitric  acid  is  decomposed.  The  nitrous  acid  is  then  united,  with 
a  maximum  of  oxide,  and  forms  a  subsalt,  which  may  be  repre- 

4 

sented  by  this  symbol,  NO  +  4  P  O ;  that  is  to  say,  that  the 
nitrous  acid  and  base  contain  equal  quantities  of  oxygen.  The 
nitrate  has  now  dissolved  2^  as  much  lead  as  it  contained  before 
the  commencement  of  the  experiment;  that  is  to  say,  137^: 
but  it  is  very  difficult  to  carry  the  experiment  so  far,  and  that 
from  two  causes :  the  subnitrite  at  a  maximum  covers  the  lead 
with  a  crust,  and  that  prevents  the  mutual  action  between  the 
metal  and  the  liquid ;  and  if  we  add  new  lead,  the  subnitrite  at 
a  minimum  which  is  in  the  solution  being  too  dilute,  and  being 
mixed  with  a  great  quantity  of  subnitrite  at  a  maximum,  acta 
only  very  weakly  .upon  the  metal.  In  several  of  my  experi- 
ments, I  have  without  difficulty  dissolved  127  or  130  parts  of 
lead  by  100  of  nitrate  of  lead.  M.  Chevreul,  who  has  repeated 
a  part  of  my  experiments,  has  succeeded  in  dissolving  135  parts 
of  lead  in  100  of  nitrate  in  two  successive  experiments^  {^nn» 
4^Xhim.  July,  1812.*)     This  approaches  pretty  nearly  to  the 

*  M,  Chf>Tr<>ul  irade  a  set  of  ei^txments  on  tlie  fdnnatloo  of  nitrite  of ' 
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true  limit.  In  my  experiments  I  always  found  that  the  liquor, 
l^hich  after  an  ebullition  continued  for  12  or  16  hours  floated 
over  the  lead  covered  \9rith  subnitrite  at  a  maximuffly  4eposlte4 
among  the  crystals  of  this  subnitrite  a  notable  quantity  of  8ubt»* 
nitrite  at  a  minimum,  and  of  course  130  parts  of  lead  are  lest 
than  the  nitrate  was  actually  capable  of  dissolving. 

It  is  clear  that  if  nitrous  acid  were  Az  4-  4  O,  and  azote 
were  ronsitlered  as  a  simple  substance,  the  greatest  quantity  of 
lead  which  could  possibly  be  dissolved  by  100  parts  of  nitrate  of 
lead  would  be  87  parts ;  since  -that  quantity  being  dissolved,  the 
quantity  of  oxygen  remaining  in  the  nitrous  acid  would  be  equal 
to  that  in  tlie  oxide  of  lead  combined  with  the  acid.    If,  on  the 


|ias  verified  some  of  my  nnraerical  results.  lo  e  snbseqaent  paper  be  has 
endeatoured  to  pro?e  that  notwithstanding  the  harmony  of  oor  results,  1  have 
j^eceived  myself  in  the  explanation  which  \  have  given  of  the  phenomena. 
The  essay  of  M.  Chevreul  has  given  me  much  pleasure,  and  his  objections  are 
really  founded  on  experimenth  \  but  he  has  vot  perceived  that  if  my  explana- 
tion here  was  faulty,  and  if  the  one  which  he  h^  substituted  in  its  place  were 
more  orrect,  he  wou)d  have  refuted  me  not  only  in  this  point,  but  in  every 
jthing  relating  to  chemical  proportions ;  for  these  proportions  never  can  be 
true,  if  a  single  exception  to  them  exists.  M.  Chevreul  endeavoured,  for 
example,  to  determine  the  water  of  crystaUization  of  the  subnitrite  at  a 
minimum,  which  he  considers  as  the  neutral  nitrite,  and  he  finds  it  inferior  in 
quantity  to  that  determined  by  ray  calculations.  We  have  seen  that  the  stb- 
nitrite  at  a  minimum  is  always  accompanied  by  asubnitrate,  as  M.  Chevreul 
has  likewise  observed.  If  the  subnitrite  collected  at  the  end  of  the  first  period 
of  the  operation  be  exatnined  we  shall  find  two  subsalts,  the  first  a  suboi- 
trate,  the  second  a  subnitrite,  mixed  together.    This  mixture,  when  analysed* 

gives  for  residue  the  same  quantity  of  oxide  which  the  first  subnitrate  would 
ave  given  if  it  had  been  pure ;  that  is  to  say,  that  the  first  subnitrite,  sup» 
posing  it  pure,  would  have  given  the  same  quantity  of  oxide  that  the  mixturd 
gave.  But  the  subnitrite  contains  water  of  crystallization,  and  the  subnitrate 
contains  none.  Hence  when  the  mixture  is  analysed  it  will  give  more  acid  and 
Jess  water  than  calculation  indicates  in  the  pure  subnitrite.  Hence  M.  Chev- 
reul has  made  a  just  observation  %  but  which,  when  all  things  are  considered, 
does  not  lead  to  the  censeqaence  that  he  has  drawn  from  it«  This  distinguished 
chemist  observes,  that  the  precipitate  formed  in  the  solution  of  subnitrite  of 
lead  by  the  addition  of  water  is  rather  a  carbonate  than  a  subnitrate,  pro- 
duced by  oxidation.  I  am  obliged  to  contradict  him  in  this  point ;  for  in 
none  of  my  experiments  did  this  precipitate  ever  dissolve  with  effervescence  in 
nitric  acid.  M.  Chevreul  observes,  likewise,  that  the  subnitrite  at  a  naximnni 
analysed  by  him  was  not  so  much  coloured  as  I  had  described  it ;  and  in  fact  I 
liave  been  much  surprised  in  my  latter  experiments  at  obtaining  two  kinds  of 
crystals  of  subnitrate  at  a  maximum,  the  one  reddish,  the  other  pale  yeliow 
with  a  slight  tint  of  red.  The  existence  of  more  than  two  subnitrites  being 
contrary  to  the  theory  of  chemical  proportions,  these  two  salts  attracted  my 
close  attention.  After  a  rigorous  examination,  1  found  that  both  were  thie 
same  subsalt,  the  one  variety  crystallized  more  regularly  than  the  otl^r,  as 
was  obvious  when  they  were  viewed  throi^h  the  microscope.  The  pale  sub- 
saU  is  deposited  during  the  process,  and  when  a  solution  containing  it  is  sud- 
denly cooled.  If  we  then  heat  the  liquid,  and  allow  it  to  cool  slowly,  the 
«ame  subsalt  crystallizes  regularly  in  small  prisms,  forming  red  .coloured 
groups.  In  repeating  the  analysis  of  this  salt,  I  found  that  it  contained  water 
of  crystallization  amounting  to  1*88  per  cent. ;  and  that  100  parts  of  nitroui 
acid  are  combined  in  it  with  1337  parts  of  oxide  of  lead,  w  feur  timet  ag 
inncb  as  io  the  neutral  nitrite. 
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other  side,  azote  is  considered  a(s  an  oxide^  and  the  nitrons  acid 
be  represented  by  N  +  5  O,  the  greatest  quantity  of  lead  that 
can  be  dissolved  by  100  of  nitrate  of  lead  will  be  1 11*45  ;  while 
experiment  shows  that  it  can  dissolve  130.  I  think,  then^  that 
ID  the  present  state  of  our  knowledge  what  I  have  stated  may  be 
considered  as  a  decisive  proof  that  nitrous  acid  is  composed  of 
1  volume  (atom  or  proportion)  of  nitric  and  4  volumes  of 
oxygen ;  and  that  it  may  be  represented  by  N  +  4  O. 

Let  us  now  examine  what  the  combinations  may  be,  called 
nitrous  acid  by  Gay-Lussac  and  Davy.  It  is  well  known  that 
the  more  powerful  acids  can  hardly  ever  be  produced  without  the 
presence  of  some  oxide  to  serve  them  as  a  base.  This  is  the 
case  with  sulphuric,  nitric,  muriatic  acids,  &c.  I  have  endea- 
voured to  prove,  likewise,  that  the  oxides  of  the  same  radicle 
often  combine  together  in  the  same  manner  as  oxides  with  diffe- 
rent radicles.  If  in  the  experiment  of  condensing  oxygen  gas 
by  means  of  nitrous  gas,  nitrous  acid  may  serve  as  a  base  for 
nitric  acid,  it  is  obvious  that  the  two  acids  must  combine  in  such 
proportions  that  each  shall  contain  equal  quantities  of  oxygen, 
or  that  the  one  shall  contain  2,  3,  &c.  times  as  much  oxygen  as 
the  other.  If  we  suppose  that  the  acids  combine  in  such  a  pro- 
portion that  both  contain  equal  quantities  of  oxygen,  this  com- 
bination will  consist  of  2  volumes  of  nitrous  gas,  and  0*9,  or 
almost  a  volume,  of  oxygen  gas.  This,  in  all  probability,  is  the 
nitrous  acid  of  Sir  Humphry  Davy.  If  to  the  preceding  mixture 
we  add  another  volume  of  nitrous  gas,  we  shall  have  the  nitrous 
acid  of  Gay-Lussac,  in  wliich  the  nitric  acid  contains  twice  as 
much  oxygen  as  the  nitrous  acid. 

Let  us  now  turn  our  attention  to  ammonia.  We  know  that 
its  alkaline  nature  indicates  the  existence  of  oxygen  in  it ;  fpr, 
on  the  contrary  supposition,  one  of  the  strongest  saline  bases 
would  be  an  exception  to  the  general  rule,  and  would  fail  in  its 
analogy  to  bodies  of  a  similar  nature.  I  have  shown  that  am- 
monia, to  judge  from  the  quantity  of  it  necessary  to  neutralise  an 
acid,  must  contain  about  46*88  per  cent,  of  oxygen:  but  we  have 
seen  that  the  combinations  which  nitric  acid  forms  with  saline 
bases  would  not  be  proportional  to  the  laws  of  chemical  combi*^ 
nations,  unless  azote  contained  oxygen;  and  as  azote  is  one  of 
the  constituents  of  ammonia,  we  see  in  consequence  that  the 
presence  of  oxygen  in  that  alkali  is  rendered  very  probable,  or' 
rather  is  proved. 

When  I  first  convinced  myself  that  ammonia  must  contain 
oxygen,  I  considered  it  as  composed  of  azote,  hydrogen,  and 
oxygen,  according  to  tlie  experiments  of  Sir  H.  Davy.  Some 
time  after,  the  experiments  of  Berthollet,  jun.  of  Henry,  and 
Davy,  proved  that  ammonia,  when  decomposed,  furnishes  a 
quantity  of  azote  and  hydrogen  equal  in  weight  to  the  portion  of 

4 


M13.]        Axote^  of  HydrogeUy  and  of  Ammonia.  SfiS 

alkali  decomposed.  Of  course  this  first  conjecture  was  ill- 
founded.  I  then  had  recourse  to  another  explanation,  namely, 
that  ammonia  is  the  oxide  of  a  metal,  which  metal,  with  a 
smaller  quantity  of  oxygen  than  exists  in  ammonia,  constitutes 
hydrogen  ;  and  with  a  greater  quantity,  azote.  I  thought  that 
the  electro-chemical  difference  between  these  two  oxides  might 
be  explained  by  a  change  in  the  original  electric  modification  of 
the  metal.  The  quantity  of  oxygen  in  azote  ought  to  be  in  a 
determinate  ratio  to  that  in  ammonia :  and  I  found  that  if  we 
suppose  that  the  radicle  of  the  alkali  combines  with  1-^  times  as 
much  oxygen  in  azote  as  in  ammonia,  then  all  the  calculations 
on  the  proportions  of  constituents,  both  in  the  alkali  and  ia 
azote,  correspond  in  an  admirable  manner. 

As  for  the  oxygen  of  hydrogen,  I  found  that  it  was  very  diiffi- 
cult  to  prove  either  its  existence  or  its  quantity ;  because  the 
oxygen  of  the  azote  in  ammonia  being  subtracted  from  that  of 
the  alkali,  there  remained  only  a  quantity  so  exceedingly  small 
that  it  does  not  exceed  the  difference  exhibited  by  the  most 
careful  experiments — a  difference  always  occasioned  by  the  im- 

Eerfection  of  our  methods.  It  was  therefore  doubtful  whether 
ydrogen  contained  oxygen  or  not ;  and  experiments  did  not 
speedily  promise  to  throw  any  light  on  the  subject ;  but  I  am 
able  at  present  to  prove,  in  a  manner  that  appears  to  me  deci« 
sive,  that  hydrogen  contains  no  oxygen,  and  that  none  of  our 
calculations  on  the  laws  of  chemical  proportions  gives  us  a  right 
to  suspect  that  it  contains  any. 

Proofs  of  the  non-existence  of  Oxygen  in  Hydrogen^ 

1.  Carbonic  acid  gas  condenses  twice  its  volume  of  ammo* 
niacal  gas,  and  forms  subcarbonate  of  ammonia. 
»  2.  This  subcarbonate  decomposes  without  effervescence  the 
nitrate  of  lead,  and  without  altering  the  neutrality  of  the  nitrate 
which  is  in  excess.  The  carbonate  obtained  and  analysed  is 
composed  in  such  a  manner  that  t-he  carbonic  acid  contains 
exactly  twice  as  much  oxygen  as  the  oxide  of  lead.  It  follows 
that  if  ammonia  contains  oxygen,  two  volumes  of  ammoniacal 
gas  coqtain  just  half  as  much  oxygen  as  one  volume  of  carbonic 
acid  ;  that  is  to  say,  that  ammonia  contains  exactly  one-fourth 
of  its  volume  of  oxygen  gas. 

3.  Ammoniacal  gas  decomposed  by  electricity  gives  two  vo- 
lumes of  gas,  1^  of  which  are  hydrogen,  and  -^  volume  azotic 
gas. 

4.  Azotic  gas  being  an  oxide,  it  follows  that  the  oxygen  which 
it  contains  is  proportional  to  the  additional  quantities  which  it 
absorbs  in  the  subsequent  degrees  of  oxidation  ;  that  is  to  say, 
in  order  to  become  nitrous  oxide  gas.  Now  this  ratio  will  be  a 
quantity  equal,  or  double,  or  onq-balf.    Let  us  suppose,  at  first. 
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tlmt  azote  contains  only  ^  as  much  oxygen  as  that  which  it 
libi^orbs  in  order  to  become  nitrous  oxide  gas.  If  we  subtract 
tliis  quantity  from  the  whole  oxygen  which  ought  to  exist  ia 
ammonia,  there  remains  to  be  found  in  the  hydrogen  a  quantity 
of  oxygen  surpassing  it  in  weight.  On  the  other  hand,  azote 
cannot  contain  twice  as  much  oxygen  as  that  which  it  absorbs  ia 
order  to  become  nitrous  oxide  gas,  because  that  double  quantity 
weighs  more  than  the  whole  of  the  azote  itself.  Hence  azote 
can  neither  contain  more  nor  less  oxygen  than  a  quantity  equal 
to  that  which  it  absorbs  in  order  to  become  nitrous  oxide  gas ; 
but  one  volume  of  azotic  gas  forms  nitrous  oxide  gas  by  com- 
bining with  half  a  volume  of  oxygen  gas.  Therefore  azotic  gas 
contains  half  its  volume  of  oxygen. 

5.  We  have  seen  that  two  volumes  of  ammoniacal  gas  contain 
Iialf  a  volume  of  oxygen  gas,  and  produce  one  volume  of  azotic 
gas,  in  which  half  a  volume  of  oxygen  gas  is  contained*  Of 
consequence  no  oxygen  remains  for  the  hydrogen  gas. 

It  follows,  then,  that  the  oxygen  supposed  from  calculation  to  _ 
exist  in  ammonia  is  precisely  equal  to  that  demonstrated  by  the 
same  means  to  exist  in  azote.    Therefore  hydrogen  cannot  coDr 
tain  any  oxygen. — Q.  E.  D. 

But  what,  then,  is  the  constitution  of  ammonia,  if  hydrogen 
be  an  element,  and  azote  an  oxide  ?  I  thin]^  it  not  unlikely 
that  some  chemists  will  lay  hold  of  this  circumstance  to  revive 
the  ingenious  fictions  of  Beccher  and  Stabl  in  favour  of  phlo- 
giston,  by  making  hydrogen  act  the  part  ascribed  to  phlogiston  ; 
but  1  do  not  think  that  this  improbable  hypothesis  will  gain 
much  by  the  explanation  of  the  composition  of  ammonia;  for  if 
combustibility  depend  upon  the  presence,  of  hydrogen  in  tlie 
combustible  body,  it  follows  either  that  azote  contains  hydrogeni 
or  that  it  is  an  exception  to  the  general  rule.  We  have  no  more 
reason  to  consider  the  radicle  of  ammonia  as  composed  of  a  base 
unknown  rendered  combusdble  by  hydrogen,  titan  to  form  the 
same  supposition  with  regard  to  potassium  and  iron  ;  an  opinion 
which  has  been  alternately  combated  and  defended  by  one  of  the 
most  celebrated  chemists  of  our  days. 

If  azote,  as  we  have  seen,  is  composed  of  oxygen  and  a 
combustible  radicle,  ammonia  must  be  composed  of  two  com- 
bustible bodies,  combined  with  a  single  portion  of  oxygen 
common  to  both  ;  but  I  have  shown  {Atm,  de  Chim,  Ixxx,  36) 
that  this  is  the  kind  of  composition  which  characterizes  the 
productions  of  the  organic  nature,  from  which  ammonia  itself 
always  derives  its  origin.  We  may,  then,  consider  it  as  the 
oxide  of  a  compound  radicle,  as  is  the  case  with  tartaric  acid, 
sugar,  &c.  In  these  bodies  the  combination  of  the  oxygen  with 
one  of  their  combustible  radicles,  to  the  exclusion  of  the  other, 
XK^casions  decomposition.    We  can  no  more  say,   then^  that 
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amiiKmia  is  composed  of  azote  and  hydrogen,  than  we  c^n  that 
sij^ar  is  conotposed  of  carbonic  oxide  and  hydrogen,  or  of  carboa 
and  water ;  because  the  very  instat^t  that  these  last  substances 
are  formed  the  organic  compound  peasics  to  exist  as  such. 

In  the  present  state  of  our  knowledge  we  must  consider 
ammonia  as  the  oxide  of  a  compound  radicle ;  arid  the  formula 
expressing  the  composition  of  the  radicle  will  be  N  +  3 11,  and 
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that  for  ammonia  N  H  +  O.  It  is  easy  to  see  that  by  tfiis 
explanation  the  phenomena  presented  by  ammonia  will  cease  to 
be  anomalous,  and  that  the  analogy  of  ammonia  with  other 
bodies  is  perfectly  restored. 

We  have,  then,  two  combustible  bodies,  which,  by  uniting 
with  hydrogen,  produce  compound  and  oxidable  radicles; 
namely,  nitric  and  carbon,  A  radicle  composed  of  nitric  and 
hydrogen  constitutes  the  base  of  ammonia ;  a  radicle  composed 
©f  carbon  and  hydrogen  constitutes  the  principal  base  of  vegeta- 
ble bodies ;  a  triple  radicle  composed  of  carbon,  nitric,  and 
hydrogen,  constitutes  the  base  of  animal  bodies.  It  is  by 
varying  on  the  one  hand  the  proportions  of  the  constituents  of 
the  iradicles,  and  on  the  other  that  of  the  degrees  of  oxidation, 
that  nature  with  so  few  elementary  principles  produces  that  pro- 
digious diversity  of  organic  products.  v 

What,  then,  is*  the  amalgam  produced  by  the  decbmposition 
of  ammonia  ?  Certainly  not  the  ammonia  itself  combined  with 
hydrogen  gas  and  mercury,  as  Thenard  and  Gay-Lussac  have 
concluded  from  experiments  far  indeed  from  being  conclusive :  * 
nor  is  there  any  other  way^  of  explaining  this  phenomenon,  nt 
once  singular  and  perfectly  analogous  to  what  happens  with  the 
other  alkalies,  than  to  consider  the  amalgam  as  composed  of 
inercury,  and  the  radicle  either  of  ammonia  or  of  azote,  though 
the  last  is  the  least  probable.  If,  on  the  other  side,  it  is  the 
radicle  of  ammonia  which  is  combined  with  mercury,  we  have 
the  curious  phenomenon  of  a  compound  metallic  body. 

Before  leaving  this  subject  I  trust  I  shall  be  permitted  to  draw 
the  attention  of  the  reader  to  some  circumstances  relative  to 
ammonia  and  its  compounds,  which  are  well  deserving  of  const- 
deration  : — 

I,  How  comes  it  that  nitric,   a  body  so  strongly  electro- 


*  It  was  taken  for  granted  in  these  experiments  that  an  ammoniacal 
amalgam^  formed  in  liquid  ammonia,  but  afterwards  fixed  by  a  kind  of  con- 
gelation, ought  to  contain  no  water.  It  is  easy  to  see  how  little  force  this 
argument  of  Gay-Lnssac  and  Thenard  onght  to  have,  ^hen  mercury  itself  in 
ordinal^  circumstances  cannot  be  deprived  of  all  the  water  with  which  it  if 
penetrated  without  being  boiled.  Yet  in  this  amalgam,  formed  in  the  midat  of. 
water,  and  ten  times  less  dense  than  mercury,  a  dryness  sa absolute  is  supposed 
to  exist  that  it  does  not  contain  water  enough  to  oxidize  the  infinitely  small 
ftiaatity  of  metal  combined  with  th^  mercury. 


368  Experiments  m  the  Natiite  of  Azote,  fSc.      [NdV. 

negative,  produces  witli  hydrogen,  wliich  is  feebly  electro- 
positive, a  radicle  strongly  electro-positive  ?  It  will  be  saidj 
because  the  hydrogen  in  ammonia  is  combined  with  less  oxygen 
than  in  water,  and  because  Thenard  and  Gay-Lussac  have 
observed  that,  when  in  organic  compounds,  the  hydrogen  is  to 
the  oxygen  as  in  water,  the  compounds  are  neither  acid  nor 
alkaline ;  but  when  the  quantity  of  oxygen  exceeds  this  ratio  the 
substances  are  acids.  The  observation  of  the  French  chemists  is 
interesting,  but  it  proves  nothing ;  for  in  acttic  acid,  which  is 
one  of  the  strongest  vegetable  acids,  the  oxygen  is  to  the 
hydrogen  precisely  in  the  same  ratio  as  in  water ;  and  the  suU 
phuret  and  telluret  of  hydrogen  preserve,  in  spite  of  the  pre- 
sence of  hydrogen  and  the  absence  of  oxygen,  the  electro-nega- 
tive nature  of  sulphur  and  tellurium ;  so  that  hydrogen  does  not 
appear  of  itself  to  determine  any  thing  respecting  the  electro- 
chemical nature  of  a  compound.  There  remains,  therefore| 
something  at  the  bottom  of  this  fact  which  we  do  not  under;^ 
stand. 

2.  Water  is  composed  of  11*75  hydrogen  and  S8'l>f5  oxygen, 
and  nitric  acid  likewise  of  11 '71  nitric  and  88*29  oxygen,  la 
azote  the  nitric  is  combined  with  I -J-  times  as  much  oxygen 
as  in  ammonia- is  combined  with  the  hydrogen  and  nitric  toge- 
ther; that  is  to  say,  that  according  to  the  estimations  whicn 
appear  at  present  the  most  correct,  the  weight  of  the  hydrogen 
in  ammonia  is  precisely  one- half  of  that  of  the  nitric.  Is  this 
merely  accidental  ?  or  is  there  some  connection  of  cause  w'hich 
occasions  it  ?  Can  we  suppose  that  nature,  in  modifying  the 
electro-chemical  state  of  the  radicle  of  ammonia,  produces  from 
it,  under  different  and  unknown  circumstances,  sometimes 
hydrogen,  sometimes  the  suboxide  of  nitric  ?  Is  it  possible  that 
the  nitric,  that  is,  the  electro-clieraical  modification  which 
renders  it  capable  of  forming  aii  acid,  never  exists  without 
oxygen ;  and  that  on  that  account  azote,  though  a  compound, 
baffles  all  our  attempts  to  reduce  it :  and  consequently  the  .com- 
bustible radicle  can  never  exist  alone  under  any  other  forms  than 
those  of  ammonium  and  hydrogen  ?  If  these  ideas  should  one 
day  become  probable,  what  views  would  they  not  furnish  us  with 
respecting  the  regeneration  of  the  atmosphere,  and  the  produc- 
tion of  azote  ampng  herbivorous  animals,  which  find  so  little  of 
it  in  their  food,  and  yet  furnish  daily  so  great  a  quantity  of  it  in 
their  excretions?  But  it  is  easy  to  make  conjectures.  Perhaps 
I  have  already  indulged  in  them  too  far.  Deceitful  probabilities 
are  almost  always  more  injurious  to  science  than  the  advancement 
of  absurdities,  or  inaccurate  experiments. 
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Article  IX. 

Memoir  on  the  Determination  of  the  Specific  Heat  of  th^ 
different  Ga^es.  By  MM^  F.  Delaroche,  M.D.  and  J.  E* 
Berard. 

(Continued  from  p.  292.) 

Sbction  IIL 

Determination  of  the  Specific  Heat  of  the  Gases  Iry  another 

Process. 

.  Wb  might  hdve  repeated  a  greater  number  of  times  the  expe- 
riments which  led  us  to  the  foregoing  results  ;  but  we  conceived" 
that  sucli  a  repetition  would  have  been  useless.  The  agreement 
which  exists  between  those  of  the  same  kind,  and  which  we 
obtained  in  two  experiments  following  each  other,  shows  that 
they  were  not  influenced  by  accidental  causes  of  erroi* ;  and  if 
they  were  subject  to  a  constant  cause  of  error,  no  advantage! 
would  result  from  multiplying  their  number.  It  was  therefore 
more  essential  to  endeavour  to  arrive  at  the  same  results  by  a 
different  process,  susceptible  of  almost  equal  precision,  and  to 
compare  these  results  with  the  preceding.  Count  Kumford  has  put 
this  in  our  power,  by  publishing  the  ingenious  method  by  which 
he  determined  the  quantity  of  heat  disengaged  during  the  com- 
bustion of  certain  substances,  and  which  he  had  himself  an« 
nounced  as  fit  for  determining  the  specific  heats  of  the  gases. 

We  therefore  undertook  some  experiments  of  this  kind^ 
employing  the  same  apparatus  which  has  been  already  described^ 
and  which  had  been  constructed  long  before  we  were  acquainted 
with  the  experiments  of  Count  Rumford.  It  answered  all  the 
conditions  demanded  by  this  celebrated  philosopher.  It  was,  as 
has  been  already  observed,  a  metallic  vessel  fiitl  of  distilled 
water,  traversed  by  a  flat  serpentine,  sufficiently  long  to  allow 
the  gas  while  passing  through  it  to  acquire  the  temperature  of 
the  water  in  the  calorimeter.  As  the  gas  entered  by  the  lojver 
end,  it  deposited  there  the  greatest  part  of  its  heat ;  so  that  this 
heat  spread  itself  sufficiently  equably  through  the  whole  watet 
that  filled  the  vessel.  We  determined  the  temperature  of  this 
water  by  means- of  a  thermometer,  the  cylindrical  bulb  of  which 
was  almost  as  high  as  the  calorimeter  itself,  and  which  gave  us^ 
.of  course,  the  mean  heat  of  the  whole  liquid.  Our  gazometer, 
and  the  part  of  the  apparatus  for  heating  the  gas^  were  equally 
fitted  for  the  experiment." 

Leaving  every  thing  disposed  as  in  the  preceding  experimeiits, 
we  made  a  new  set,  proceeding  in  the  same  manner,  with  this 
difference,  that  instead  of  waiting  till  the  temperature  of  the 
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calorimeter  was  become  stationary,  we  determined  the  quantity 
of  gas  which  passed  through  the  serpentine  while  that  tempera- 
ture rose  a  certain  given  number  of  degrees,  setting  out  from  a 
given  point,  and  likewise  the  time  necessary  to  produce  this 
effect.  We  employed  the  results  of  these  experiments  to  calcu- 
late the  specific  heats  of  the  gases  ex})erimented  upon,  setting 
out  from  this  simple  principle,  that  the  specific  heats,  ceteris 
paribus  J  must  be  inrversely  as  the  quantities  of  gas  necessary  io 
produce  the  same  elevation  of  temperature.  In  order  to  make 
accurate  experiments  according  to  this  principle,  it  was  necessaiy 
to  take  certain  precautions,  and  to  make  some  corrections  on  the 
results,  which  it  will  be  proper  to  point  out. 

Philosophers  have  long  been  of  opinion  that  the  quantity,  pi 
heat  disengaged  during  the  combustion  of  different  substances 
might  be  determined  in  this  manner ;  but  it  was  necessary  to 
contend  with  a  cause  of  error,  which  proved  very  injurious,  to 
the  accuracy  of  the  results.  In  proportion  as  the  calorimeter 
became  hot,  the  air  and  the  surrounding  bodies  deprived  it  of  a 
portion  of  its  heat.  Hence  the  whole  heat  of  the  barniogbody 
was  not  indicated  by  the  rise  in  the  temperature  of  the  caion« 
meter.  It  was.  necessary  to  include  the  heat  lost  during  the 
process,  and  this  was  very  difficult.  '  ^ 

In  order  to  get  rid  of  this  inconvenience,  Count  Rumford 
conceived  the  happy  thought  oi  beginning  the  experiment  not 
at  the  temperature  of  the  surrounding  air^  but  a  little  below  it^ 
and  to  allow  the  experiment  to  continue  till  the  calorimeter  was 
heated  as  much  abovjs  the  surrounding  air  as  it  had  been  below 
it  at  the  commencement.  By  this  method  he  made  the  heating 
of  the  calorimeter  almost  independent  of  the  surrounding  air. 
J)uring  the  first  part  of  the  process  the  air  would  communicate 
heat  to  the  calorimeter:  but  during  the  second  part  the  calori- 
meter in  its  turn  would  give  out  nearly  as  much  heat  ta  the  air 
as  it  had  received  from  it  at  first. 

According  to  this  principle,  we  sunk  the  temperature  of  our 
calorimeter  about  10°  Fahrenheit  below  that  of  the  air  of  the 
room ;  and  causing  a  current  of  liot  gas  to  pass  through  it^  we 
did  not  begin  our  experiment  till  the  temperature  of  the  calori- 
meter was  within  4°  of  that  of  the  air  of  the  room.  We  then 
began  to  rieckon  the  number  of  cubic  inches  of  gas  necessary  to 
raise  the  temperature  8°  higher  than  the  initial  temperature.  By 
tjiis  method  we  made  two  experiments  at  once ;  one  which  gave 
us  the  quantity  of  gas  necessary  to  raise  the  calorimeter  8^ ; 
another  which  gave  that  which  was  necessary  to  raise  it  the  4 
intermediate  degrees.  It  is  difficult  to  say  which  of  these  deter- 
minations led  us  to  the  most  exact  conclusions:  the  difference 
between  them  was  never  considerable,  as  jnay  be  seen  by  the 
l«]p]e^  our  results^ 
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The  principle  upoa  which  these  experiments  depended  was 
such  that  it  would  have  heen  requisite,  in  order  to  be  applicable 
to  the  object  in  view,  that  the  gases  during  their  passage  through 
the  calorimeter  should  suffer  the  same  diminution  of  tempera- 
tare.  As  this  could  not  actually  take  place  exactl}%  we  have 
always  by  the  rule  of  prc^rtion  brought  the  results  obtained  to 
what  they  would  have  been  if  that  had  taken  place.  We  took 
for  a  measure  of  the  cooling  of  the  gases  the  difference  between 
the  temperature  of  the  gases  when  they  entered  the  calorimeter^ 

<  and  their  temperature  when  they  issued  out,  which  we  considered 
as  equal  to  that  of  the  surrounding  air.  This  last  estimate  could 
not  differ  from  the  truth ;  for  since  the  gas  in  passing  through 
the  calorimeter  assumed  the  temperature  of  the  water  in  that 
vessel,  which  during  one-half  of  the  experiment  was  below  the 
temperature  of  the  air,  and  during  the  other  half  as  much  above 
it,  a  compensation  took  place,  which  enabled  us  to  take  the  tem- 
perature of  the  air  as  the  mean  heat  of  the  gas  during  the  whole 
process. 

The  same  compensation  ccnrrected  another  error,  which  might 
Iiave  been  occasioned  by  the  condensation  of  aqueous  vapour* 
The  gas  saturated  with  vapour  at  the  temperature  of  the  air 
would  deposite  a  portion  of  it  in  its  passage  through  the 
serpentine  during  ithe  first  half  of  the  experiment ;  but  as  it 
would  take  up  nearly  the  same  quantity  during  the  second  half 

.  of  the  experiment,  the  general  result  would  not  be  afiected. 
'     We  have  observed  already  that  we  could  not  entirely  prevent 
the  gas  tube  from  communicating  some  heat  to  the  calorimeter, 

;  It  was  necessary  to  estimate  the  influence  of  this  cause  of  error* 
We  ascertained,  by  two  very  corriect  experiments,  that  the  quan- 
tity of  heat  jrielded  in  this  manner  to  the  calorimeter  in  ten  mi- 
nutes was  capable  of  raising  its  temperature  0*342^  Fahrenheit ; 
and  as  it  was  sensibly  proportional  to  the  time,  nothing  was 
more  easy  than  to  allow  for  it. 

We  now  present  the  result  of  our  experiments  in  the  follow- 
ing table,  quite  similar  to  the  preceding  one,  and  therefore 
requiring  no  explanation  :** 
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According  to  the  principles  from  which  we  set  out,  the  spe- 
cific lieats  df  the  different  gases  are  inversely  as  the  numbers  in 
the  last  column  of  the  table.  Hebce^  reckoning  the  specific 
heat  of  air  unity,  we  obtain  the  following  numbers  for  the  sami 
Tolapies  of  the  other  gases  : — 

Specific  heats  of  Ditto  by  the 

equal  volumes.  first  nethod^ 

Air I'OOO.. 1-000 

Hydrogen .0'89S  • .  • 0-9033 

Carbonic  acid   1-311 1-2583 

Oxygen     0-974.., 09765 

Azote 1-000 1-0000 

Oxide  of  azote 1*315 1-3503 

Olefiant  gas  ..... .1-680 J  -5530 

Carbonic  oxide ...  .0-983 1-0340 

V   TTie  agreement  between  the  results  obtained  by  these  twp 

^  processes  is  as  great  as  could  be  expected  from  experiments 

founded  upon  principles  so  different.    As  we  consider  our  first 

method  as  most  exact,  we  shall  not  take  the  mean  between  the 

.; '  two ;  but  satisfy  ourselves  with  exhibiting  the  result  of  the  second 

'  ,  $et  of  experiments^  as  a  proof  of  the  accuracy  of  the  first  set. 

Sjbction  IV, 

Specif  Heat  of  the  Vapour  of  IVater,  that  of  Air  leing  consi* 
V  ■  •■  ^  dered  as  Unity. 

Aqueous  vapour  being  an  elastic  fluid. which  produces  a  very 
striking  effect  in  many  phenomena,  it  was  of  importance  to 

.  obtain  correct  notions  of  its  specific  heat.  It  was  scarce  possible 
to  make  experiments  on  this  fluid  in  a  state  of  ptirity ;  because 
siich  experiments  require  the  whole  of  the  apparatus  to  be  pre- 
served at  a  temperature  higher  than  that  of  boiling  water.     It 

*  "was  necessary  to  have  recourse  to  a  mixture  of  vapour  and  air; 
and  even  in  this  way  of  experimenting  several  difliculties  pre- 

P  s^nted  tbemselves.  It  was  necessary  to  employ  temperatures 
somewhat  high,  if  we  vrished  the  vapour  to  constitute  a  consi- 
derable portion  of  the  mixture :  both  our  apparatus  and  our 
process  were  accommodated  to  this  kind  of  experiment.  It  was 
suflUcient  to  observe  at  what  temperature  our  calorimeter  became 
stationary  when  acted  upon  by  a  current  of  air  saturated  with 
humidity,  and  by  the  same  current  of  air  in  a  state  of  dryness. 
We  were  able  only  to  employ  air  saturated  with  vapour  at  the 
temperature  of  104°.  To  have  employed  a  higher  temperature 
would  have  been  very  difficult :  but  at  the  temperature  of  104°, 
fiuch  is  the  tension  of  vapour,  that  it  forms  ,y  h  of  the  volume 
of  the  air  with  which  it  is  mixed.    It  is  obvious  that,  oijeratvcv^ 
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upon  so  small  a  proportion^  to  obtain  an  exact  result  was  scarcely 
possible :  but  the  nature  of  pur  apparatus,  and  the  great  pains 
which  we  bestowed  on  the  experiments,  induce  us  to  think  that 
the  following  results  are  not  very  remote  from  the  truth. 

The  air,  when  it  came  out  of  the  gasometers,  was  mixed  with 
a  great  quantity  of  vapour,  and  then  passed  through  a  serpentine 
tube  surrounded  with  water,  kept  all  the  time  of  the  experiment 
at  the  temperature  of  102*2**.  In  that  serpentine  it  deposited 
its  excess  ctf  vapour,  90  that  we  may  consider  it  as  perfectly 
saturated  with  vapour  at  the  temperature  of  102*2*^.  The  current 
was  then  heated  in  the  steam  tube,  and  passed  through  the  calo- 
rimeter, as  in  the  i^ther  experiments. 

To  prevent  the  air  from  depositing  water  while  passing 
through  the  calorimeter,  it  was  necessary  to  keep  it  always  above 
the  temperature. of  102°:  for  this  purpose  it  was  sufficient  to 
heat  the  air  in  the  room  where  the  calorimeter  was  to  the  tem- 
perature of  about  86®.  The  air  thus  saturated  with  vapour  made 
the  calorimeter  stand  stationary  at  106'34°,  the  ambient  air  being 
85-64°.  Hence  the  eflFect  produced  was  106'34^  -^  85*64°  = 
20*7°  5  from  which  it  is  necessary  to  subtract  3*6°,  the  effect 
produced  by  the  gas  pipe.  There  remains  17*1^  for  the  effect 
produced  by  air  saturated  with  moisture  at  the  temperature  of 
102*  2°.  Now  this  air  entered  the  calorimeter  at  the  tempera? 
ture  of  20^*14°,  and  came  out  at  the  temperature  of  106'34°. 
Hence  it  cooled  100*8°  to  produce  this  effect. 

As  soon  as  this  experiment  was  finished,  there  was  substituted 
for  the  vessel  in  which  the  air  became  saturated  with  vapour,  a 
serpentine  tube  surrounded  with  a  mixture  of  pounded  ice  and 
salt,  which  continued  during  the  whole  of  the  experiment  below 
5°.  Things  being  thus  circumstanced,  the  experiment  was 
repeated.  The  current  of  air  thus  dried  lost  in  passing  through 
the  calorimeter  102*42°  of  heat,  and  kept  the  calorimeter  sta- 
tionary at  10472°;  the  ambient  air  being  85*64°.  The  effect, 
produced  by  this  dry  air,  subtracting  the  heat  communicated  by 
the  gas  tube,  was  15*48°.  By  the  rule  of  proportion  it  ought  to 
have  been  15;  12°,  if  the  current  of  air  had  lost  100*8°  in  passing 
through  the  calorimeter,  as  was  the  case  with  the  current  of 
moist  air  in  the  preceding  experiment. 

The  difference  between  these  two  experiments,  made  exactly 
Vfi  the  same  way,  is  17*1°  —  15*12°  =  1*98°  Therefore  1*98* 
is  the  effect  produced  by  the  vapour. 

During  the  continuance  of  this  experiment  the  barometer 
stood  at  29*906  inches;  and  the  tension  of  the  vapour,  at 
102*2°,  is,  according  to  Dal  top's  table,  1*988  inch.  Of  conse- 
quence, in  the  air  saturated  with  vapour,  the  volume  of  air  was 
to  that  of  vapour  in  the  ratio  of  15*0  to  1.  The  effect  of  elastic 
fluids  on  the  c^orimeter  beings  in  tbe  same  circMWStances^  pro- 
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portional  to  the  quantity  which  passes  through,  it  follows,  froQ^ 
the  preceding  experiments,  that  if  a  volume  of  dry  air  raise  the 
temperature  of  the  calorimeter  1S'12^»  an  equal  volume  of 
vapour  would  raise  it  29*7%  other  things  being  equal,  ^ence, 
if  the  ispecific  heat  of  air  be  1*000,  that  of  the  same  volume  of 
vapour  is  I'dG^  and  of  the  same  weighty  S'LSG.'^ 

Section  V. 

Determination  of  the  Specific  Heat  of  Air  subjected  to  differeni 

Degrees  of  Pressure. 

After  having  established  the  relation  which  exists  between  the 
specific  heat  of  the  different  gases,  we  endeavoured  to  ascertain 
that  which  exists  between  the  specific  heat  of  the  same  gas  sub-  . 
jected  to  different  degrees  of  pressure,  or,  which  comes  td  the 
same  thing,  having  different  densities. 

Does  the  specific  heat  of  a  ^s  increase  with  its  dehsitv?  and 
jf  it  does,  is  the  increase  proportional  to  the  density  r  The 
experiments  of  Gay-Lussac,  the  only  ones,  as  far  as  we  know, 
which  are  capable  of  throwing  light  on  the  subject,  seem  to 
decide  the  first  of  these  questions  in  the  affirmative;  but  they 
are  neither  sufiicienlly  direct  nor  precise  to  give  an  answer  to  the 
second. 

The  first  process  employed  to  determine  the  specific  heats  of 
the  different  gases,  appeared  to  us  equally  proper  to  furnish  an 
accurate  answer  to  these  two  questions.  It  ^yas  sufficient  to 
circulate  a  current  of  the  same  gas  through  the  calorimeter, 
sometimes  artificially  compressed,  and  sometimes  subjected  only 
*to  the  pressure  of  the  atmosphere,  and  to  determine  in  both 
cases  the  point  at  which  the  temperature  of  the  calorimeter 
became  stationary.  The  following  modifications  in  our  apparatus 
enabled  us  to  make  these  experiments  with  facility  :-^ 
.  We  soldered  to  the  stop-cocks,  P  and  P,  (fig.  8,  Plate  X.)  a 
tiibe  in  the  form  of  a  Y  reversed.  The  two  branches  of  the  V 
united  in  a  common  tube.  III,  which,  rising  vertically,  and  pass- 
ing through  an  opening  in  the  roof  of  the  room,  opened  above  a 
tjub,  X,  placed  in  the  room  ^bove.  We  carried  to  this  room 
the  cylindrical  glass  vessels,  A,  A'',  and  formed  the  comipunica-  . 
tion  between  them  and  the  reservoirs,  B,  B',  by  the  lojig  tubes 
which  passed  down  through  the  floor.  In  this  apparatus  the 
height,  H  H,  of  the  upper  extremity  of  the  tube,  I  I,  above 
the  mouth  of  the  stop-cocks,  P,  F,  determined  the  pressure  to 
wliich  the  gas  was  subjected.    It  amounted  to  11*29  feet,  f    It 

,  *  This  is  calculated  on  the  supposition  that  the  weight  of  vapour  is  tq  that 
•f  air  as  10  :  V6.     See  Gay-Lussac,  Ann.  de  Chim.  Ixxx.  218. 

f  1^  enabli^  the  reservoirs  to  bear  this  great  pressure  without  danger,  thry 
were  firm^  IwuDd^ottqd  with  cords,      <      . 
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h  easy  ^  see  that  the  gazometers  thus  modified  would  act  exactl)" 
as  before. 

It  was  sufficient  to  make  these  experiments  on  a  single  gas  to 
be  enabled  to  draw  conclusipns  applicable  to  all  the  t^st.  We 
made  choice  of  atniospheric  air,  as  the  most  convenient,  and  the 
least  likely  to  be  altered.  This  enabled  us  to  remove  the 
bladders,  and  the  globular  vessels  that  contained  them,  and  to 
establiifh  an  immediate  communication  between  the  gazometers 
and  the  calorimeter ;  and  hence  to  dispense  with  lutes,  which 
we  should  have  found  it  difficult  to  make  sufficiently  tight  to 
xei^ist  so  great  a  pressure. 

We  will  satisfy  ourselves  with  giving  the  result  of  a  single 
experiment,  made  with  great  care,  because  it  was  conducted  in 
every^rcspect  in  the  same  manner  as  all  the  preceding  ones. 

The  gazometers  were  so  disposed  as  to  give  in  ten  minutes  an 
uniform  current  of  1898  cubic  inches  of  gas  (at  the  temperature 
of  41®,  the  barometer  standing  at  29*634  inches,  besides  a 
:pressure  of  11*29  feet  of  water,  making  in  all  a  pressure  equal 
to  41*654  inches  of  mercury).  The  experiment  was  conducted 
in  a  manner  perfectly  analogous  to  all  those  th^t  were  exhibited 
in  the  first  table.  The  result  w»s,  that  this  current  of  com- 
pressed air  maintained  the  temperature  of  the  calorimeter  at 
28  3 U^  a^bove  that  of  the  surrounding  air,  making  an  allowance 
for  th^  heat  communicated  by  the  gas  tube  :  but  this  air  entered 
the  calorimeter  at  the  temperature  of  20G  42°,  and  came  out  of 
it  at  that  of  73-098° ;  so  that  it  was  deprived  of  138-322°  of 
heat  during  its  passage  through  the  calorimeter.  If  we  reduce 
by  calculation  tlie  results  of  this  experinrient  to  what  they  would 
have  been,  supposing  it  the  same  with  the  first  experiment  ofiade 
on  air  in  the  first  table,  we  find  that  under  a  pressure  of  41*654 
inches  of  mercury,  a  current  of  2 1 96*4  cubic  inches  erf  air,  by 
losing  130*347®  of  heat,  raise  the  temperature  of  the  calorimeter 
83*666° ;  while  we  see  by  the  table  th3t  ur>der  a  pressure  of 
29*154  inches,  the  same  current,  in  the  same  circumstances^ 
pnly  raise  the  temperature  of  the  caloripetejr  277^  1°»  The 
ratio  between  these  two  numbers  being  that  of  the  specific  heat? 
of  the  gases,  it  follows  that  if  the  specifip  heat  of  air,  under  the 
pressure  of  29-154  inches,  be  1-000;  that  of  the  same  volume 
pf  air,  under  the  pressure  of  41*654  inches,  will  be  1*2127. 

We  repeated  these  two  experiments  wjth  the  greatest  possible 
Care,  one  with  air  in  its  usual  state,  the  other  with  air  subj^ted 
to  the  artificial  pressure.  Ti)ey  have  given  us,  after  having  made 
all  the  calculations,  the  ratio  bcts\'een  the  specific  heat  of  air 
under  the  pressure  of  29*154  inches,  to  that  of  air  under  the 
pressure  of  41*654  inches,  1  :  1*2665.  Taking  the  mean  of 
these  two  determinations,  we  obtain  the  ratio  of  1  :  1  *2396. 
^f  ffpnee^lik  evident  ^hat  the  specific  heats  of  e^ual  volumfi  qf 
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gases  subjected  to  difierent  pressures  are  not  eqtial,  imt  «Uffer 
materially  from  each  other.  It  is  evident  also  that  the  rati» 
between  the  specific  heats  is  tuH  that  of  tb.e  densities ;  for  the 
ratio  of  .the  pressures  to  which  the  air  in  these  experiments  vmi 
subjected  is  1  :  1*3583,  obviously  different  from  that  of  the  spe^ 
cific  heats  1  :  1*2396.  -    ->  ■ 

If  we  attend  to  the  weight,  it  results,  from  the  sasie expert'?' 
ments,  that  the  specific  heat  of  a  mass  of  air  increases- with  it^ 
bulk,  without  being  pi^porlional  to  it.  -        .*. 

The  experiments  on  the  different  gases  having  been  made 
under  different  pressures,  it  was  necessary^  to  make  them  capable 
of  being  compared  together,  to  reduce  the  results  to  what  they 
would  have  be«n  supposing  them  all  made  under  the  s^me 
pressure.  The  experiments  described  in  this  section  furnished 
us  with  the  means  of  making  this  correction ;  for  since  we  know 
that  an  augmentation  of  pressure,  in  the  ratio  of  1  to  1  '3583^ 
increases  the  specific  heat  of  the  same  voltune  of  air  in  the  ratio 
of  L  to  1*2396,  We  may  deduce  from  these  ratios  that  of  the 
specific  heats  of  two  equal  volumes  of  air  subjected  to  pressures 
of  a  different  ratio  from  those  that  have  been  stated.  -We  may, 
mthout  running  the  risk  of  committing  an  error  of  any  great 
importance,  employ  for  that,  purpose  the  following  propor*' 
tion:  (1-3583   -   1   =  0*3583)  :  (1*2396 -,  1  =  0*2396)  :j 

,  Y  p-  —  ij:/^-^— lj;in  which  D  and  P  denote  the  two 

different  pressures ;  c,  the  known  specific  heat,  corresponding  to 
the  pressure  P ;  and  ar,  the  specific  heat  sought,  corresponding 
to  the  pressure  D.  This  formula  is  founded  on  the  suppositioa 
that  the  differences  between  the  specific  heats  are  proportional  to 
the  differences  of  the  corresponding  pressures,  which  may  be 
considered  as  true  when  the  question  relates  to  small  differences* 
We  employed  the  same  formula  for  all  the  gas.es,  because  the 
law,  according  to  which  their  specific  heats  vary  according  to 
different  pressures,  if  it  be  not  the  same  for  ^11,  must,  at  leasts 
be  very  nearly  the  same. 

{To  b§  continued.) 


Article  X, 

General  Views  of  the  Composition  of  Animal  Fkiids.  fey  J. 
Berzelius,  M.l),  Professor  of  Chemistry  in  the  College  of 
Medicine  at  Stockholm. 

(Continued  from  p,  %08.) 

Of  Bile. 

»    It  is  well  known  that  the  elder  chemists  considered  the  bile  as 
an  animal  soap  composed  of  soda  and  «i  ^esvu*   'V\vi  ^^cos^^t'^  ^\ 


37^  Chemical  Properties  of  Animal  Fluids.        (Nay; 

this  opinion  had  often  been  questioned,  owing  to  the  very  amall 
proportion  of  soda ;  and  lately  our  skilful  contemporary,  "i  he- 
nard,  has  publbbed  an  analysis  of  bile,  in  which  he  gives  as  it9 
component  parts,  soda,  a  peculiar  matter  named  by  him 
Picromel,  and  a  resin,  which,  united,  produce  a  fluid  that  has 
the  taste  and  other  distinguishing  properties  of  this  secretion. 
Tievertheless,  i  am  convinced  that  there  is  no  such  resin  as 
Thenard  and  his  predecessors  have  described.  I  shall  not  here 
relate  my  experiments  on  this  supposed  resin  in  particular,  but 
shall  give  the  result  of  my  inquiries  on  the  bile  itself,  which  will 
enable  the  reader  to  confirm  or  reject  i^y  opinions,  according  af 
he  finds  them  founded  on  accurate  experiment. 

The  substance  which  is  peculiar  to  bile  has  an  excessively 
bitter  taste  followed  by  some  sweetness;  the  smell  is  also.pecu-  ~ 
)iar,  and  the  colour  in  most  animals  varies  from  grit^en  to  greenish 
yellow.  It  is  soluble  in  water,  and  its  solubility  is  not  in  the 
least  promoted  by  the  alkali  of  bile,  sinoe,  when  this  is  neutral* 
ized  by  any  acid,  the  peculiar  matter  does  not  separate :  it  also 
dissolves  in  alcohol  in  all  proportions.  Like  the  albuminoui 
materials  of  the  blood  of  which  this  peculiar  matter  is  composed, 
ft  will  unite  with  acids,  producing  compounds  of  two  degrees  of 
saturation,  and  hence,  of  solubility.  The  acetous  acid,  which 
gives  soluble  compounds  with  the  albumen  of  the  blood,  doe9 
the  same  with  the  peculiar  m'Jtter  of  the  bile ;  and  hence  this 
matter  is  not  precipitated  on  adding  tlus  acid  to  bile,  though  it 
falls  down  on  the  addition  of  the  sulphuric,  nitric,  or  muriatic 
acids.  It  is  this  sparingly  soluble  compound  of  biliary  matter 
with  a  mineral  acid  which  has  been  mistaken  by  many  chemists 
for  a  resin;  since  it  possesses  the  external  characters  of  a  resin, 
melts  when  heated,  dissolves  in  spirit  of  wine,  and  is  again  pre- 
cipitated (in  prt  at' least)  by  the  addition  of  water.  The  alkalies, 
alkaline  earths,  and  alkaline  acetates,  decompose  and  dissolve  it: 
the  fi'rmer,  by  depriving  it  of  its  combined  acid ;  the  latter,  by 
furmshing  it  with  acetous  acid,  which  renders  it  soluble  in 
water. 

.  The  peculiar  matter  of  bile  will  also  combine  with  ma»y 
metallic  oxides  into  a  pulverulent  mass ;  and  the  above  described 
resiniform  compound  of  this  matter,  and  any  of  the  mineral 
acids,  often  form  with  the  same  oxides  a  substance  like  a  plaster, 
resembling  in  this  respect  also  the  true  resins. 

The  degree  of  insolubility  possessed  by  these  compounds. of 
acid  and  biliary  albumen  varies  both  according  to  the  species  of 
animals,  and  also  according  to  the  length  of  time  that  the.  bile 
has  been  extracted ;  for  the  longer  it  has  been  kept,  the  more 
solubility  these  compounds  acquire ;  but  in  this  case  I  have 
always  found  that  by  pouring  in  a  fresh  quantity  of  acid,  and 
jfoirJy  evaporating  the  mixture,  tlie  resinouis  matter  fiE^ls  down  fis 
ibc  «i|if  rnatant  Uquoi  bevomea  isvfiec^  ^y^« 
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The  biliary  matter  may  be  obtained  pure  in  th^  following 
vrnji  mix  fresh  bile 'with  jtulphuric  acid  diluted  with  three  or 
fimr  times  its  weight  of  water;  a  yellow  preii^pitate  of  a  peculiar 
nature  first  appears,  which  must  be  allowad  to  subside  and  W 
removed;  then  continue  to  add  fresh  acid  as  Jong  as  any  preci- 
pitate is  formed;  heat  the  mixture  gently  for  spme  hours,  and 
afterwards  decant  the  fluid  part,  and  thoroughly  edulcorate  the 
green  resin  which  is  left.  This  resin  reddens  litmus,  and  19 
partially  and  sparingly  soluble  in  water.  It  may  be  deprived  of 
Its  acid  in  two  ways  :  one  of  them  is  by  digesting  it  with  car- 
bonate of  barytes  and  water,  whereby  the  carbonate  is  decom* 
posed,  and  the  water  forms  a  green  solution  possessing  all  the 
^culiar  characters  of  bile :  the  other  way  is  by  dissolving  it  in 
/alcohol,  and  digesting  the  solution,  either  with  carbonate  of 
potash,  or  carbonate  of  lime,  till  it  no  longer  reddens  litmus^ 
find  then  evaporating  it  to  dryness.  Either  of  these  methods 
will  give  the  pure  biliary  matter,  and  there  are  also  other  wayi 
of  obtaining  it,  which  I  have  described  in  my  work  on  Animal 
Chemistry,  vol.  ii.  p.  47. 

This  peculiar  biliary  matter,  when  pure,  resembles  exactly 
entire  desiccated  bile.  Being  soluble-  in  alcohol  it  might  be 
supposed  that  it  would  dissolve  in  ether;  but  this  is  not  tlie  case; 
for  ether  only  changes  it  to  a  very  fetid  adipocirous  substancet 
exactly  as  it  acts  upon  the  albuminous  matter  of  the  blood.  One 
circumstance  relating  to  the  biliary  matter  has  much  surprised 
me,  which  is,  that  it  gives  no  ammonia  by  destructive  distilla- 
tion. Therefore  it  contains  no  azote ;  but  what  can  have  become 
.of  the  azote  of  the  albuminous^ matter  of  the  blood?  for  no 
vestige  of  azote  is  found  in  any  other  of  the  constituent  parts  of 
the  bile,  nor  does  bile  contain  any  ammonia. 

THe  following  i^  the  result  of  my  analysis  of  bile  :~- 

Water 907'4 

Biliary  matter • .     80-0 

Mucus  of  the  gall  bladder,  dissolved  in  the  bile      3*0 
4ikalies  and  salts  {[common  to  all  secreted  fluids)      9*6 


1000-0 

2,  The  Saliva, 

Tlie  saliva  is  one  of  the  fluid  secretions  vhich  contain  more 
ivater  than  the  blood.  When  flrst  discharged  from  the  mouth  it 
holds  suspended  a  mucus  which  is  not  dissolved  in  the  saliva,  but 
gives  it  its  frothy  quality.  This  mucus  gradually  subsides  from 
the  saliva  when  kept  in  a  cylindrical  vessel,  and  with  more  ease 
when  previously  diluted,  after  which  the  supernataQt  saliva  may 
be  decanted  off.' 

^aliya  i$  composed  of  ^ 
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Water 992-9 

A  peculiar  animal  matter •       2*9 

IVluciis 1*4 

Alkaline  muriates 1*7 

Lactate  of  soda  and  animal  matter . .       0*9 
Pure  soda 0*9 

1000-0 

Two  of  these  ingredients  require  further  notice. 

The  peaiUar  avimal  matter  of  the  saliva  is  obtained  by  adding 
spirit  of  wine  to  dried  salivaj  which  dissolves  the  muriates,  lac- 
tates, &c.  The  soda  which  remains  in  the  insoluble  portion  is 
then  extracted  by  fresh  spirits  slightly  acidulated  with  acetous 
acid.  The  residue  is  mucus  mixed  with  the  peculiar  salivaiy 
matter,  which  last  may  be  dissolved  by  water,  leaving  behind 
the  insoluble  mucus. 

This  peculiar  matter  is  therefore  soluble  in  water,  but  not  In 
spirits  of  wine.  The  solution  in  water,  when  evaporated  to 
diyness,  leaves  a  transparent  mass  that  easily  again  dissolves  in 
66ld  water.  This  solution  is  not  precipitated  either  by  alkalies^ 
or  acids,  or  subacetate  of  lead,  or  muriate  of  mercury,  or  tannin; 
neither  does  it  become  turbid  by  boiling. 

The  muciis  of  the  saliva  is  readily  procured  by  mixing  saliva 
with  distilled  water,  from  which  the  mucus  gradually  subsides, 
and  it  may  then  be  cpllected  on  the  filter  and  washed.  In  this 
^tate  it  is  white,  and  would  seem  to  contain  phosphate  of  lime  * 
mixed  with  it.  This  mucus  is  quite  insoluble  in  water;  It  be- 
comes transparent  and  horny  in  the  acetic,  sulphuric,  and  mu- 
riatic acids,  but  does  not  dissolve  in  them,  and  the  alkalies 
separate  nothing  from  them.  The  mucus  therefore  contains  no 
eaithy  phosphate,  though  its  appearance  would  lead  to  susped: 
this  earthy  salt.  It  dissolves  in  caustic  alkali,  and  is  again  sepa«* 
rated  fiom  it  by  the  acids,  A  small  proportion  escapes  the  actioa 
of  the  alkali,  but  yield3  to  muriatic  acid,  and  is  not  separable 
from  this  acid  by  an  excess  of  alkali.  The  mucus  of  the  saliva 
is  very  easily  incinerated,  and  though  no  phosphate  of  lime  is  : 
detected  in  it  by  the  acids  in  its  natural  state,  a  considerable 
portion  of  pliosphate  appears  in  the  ash  after  combustipn. 

Is  this  mucus  secreted  in  the  salivary  glands,  or  is  it  only^the 
common  mucus  of  the  mouth  ?  The  latter  appears  most  pro- 
bable, though  I  confess  that  the  large  quantity  of  this  mucui  i 
contained  in  the  saliva,  and  the  great  difference  between  its 
chemical  properties  arid  tliose  of  the  nasal  mucus,  throw  some 
doubt  on  this  opinion. 

It  is  this  mucus  that  produces  the  tartar  of  the  teeth,  whicb 
9t  Gnt  is  only  mucus  piecipuated  oa  the  ^urface^^f  the  teeth  and 


.r 
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adheriog  to  them,  but  soon  it  begins  to  decompose,  its  colour 
changes  by  the  influence  of  the  air  from  white  lo  yellow  or 
greenish,  the  warmth  and  moisture  of  the  mouth  contribute  to 
complete  the  decomposition,  and  the  same  earthy  phosphates 
which  are  produced  by  oxidation  and  combustion  in  open  fire  are 
here  formed  and  slowly  deposited  on  the  surface  of  the  tooth  by 
a  slower  but  a  similar  process.  The  tartar  is,  therefore,  as  it 
were,  the  ash  of  mucus  crystallized  on  the  tooth,  and  this,  as  is 
well  known,  will  in  length  of  time  form  very  large  incrustations, 
I  have  found  it  to  consist  of  the  following  substances : — 

Earthy  phosphates • *J9'0 

Mucus  not  yet  decomposed    ., 12*5 

Peculiar  salivary  matter 1  '0 

Animal  matter  soluble  in  muriatic  acid  7*5 


^     A 


100-0 


8.  The  Mucus  of  the  mucous  Membranes. 

I  shall  premise  some  remarks  on  the  term  mucus,  as  applied 
to  animal  chemistry.  It  properly  signifies  the  mucus  of  the 
nostrils ;  but  many  chemists  have  extended  it  to  other  substances 
found  in  the  animal  fluids ;  so  that  Jordan,  Bostock,  Haldat,  ai^dt 
others,  reckon  it  among  the  constituents  of  these  fluids.  None 
of  these  chemists  has  considered  mucus,  used  as  a  general  term, 
as  identical  with  the  nasal  mucus,  or,  if  they  have  thought  so,  it 
has  been  a  very  great  error.  1  must  now  mention  that  there  is 
no  such  prineiple  as  the  mucus  of  animal  fluids,  the  substance 
so  considered  being  in  reality  lactate  of  soda  mixed  with  the 
animal  matter  that  always  aceonipanies  it :  but  if  it  did  exist  as. 
a  separate  principle,  some  other  term  shotild  have  been  used,  to 
distinguish  it  from  the  mucus  of  the  nbstrils,  which  is  very 
different. 

The  chemists  who  have  the  most  attended  to  the  analysis  of 
mucus  have  been  Messrs,  Bostock,  Fourcroy,  and  Vauquelin  ; 
but  none  has  given  a  very^ satisfactory  account  of  its  properties. 
The  two  latter  chemists,  who  have  published  a  long  memoir  on 
animal  mucus,  htive  too  much  generalized  the  characters -pecu- 
liar to  nasal  mucus,  in  attemptmg  to  extend  them  to  the  mucus 
of  the  intestines  and  gali  bladder,  for  example,  where  they  are 
totally  inapplicable. 

The  mucus  of  mucous  membranes  is  produced  from  the  same 
secretory  organ  throughout  the  body,  and  possesses  every  where 
ther  same' external  characters  which  constitute  mucus:  but  in 
chtoiical  properties  the  mucus  of  different  organs  varies  consi- 
derably, accoiding  to  the  required  use  in  protecting  these  organs 
from  the  contact  of  foreign  substances.  Thus  the  mucus  of  the 
noa^ils  and  trachea,  whick  is  intended  to  protect  these  mem« 
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iMranes  from  the  external  air,  diflTers  from  that  of  the  urinary 
bladder,  wliich  is  to  preserve  this  organ  from  the  contact  of  aa 
»»id  liquor^  or  from  that  of  the  gall  bladder,  whose  contents  aie 
alkaline. 

The  animal  matter  peculiar  to  mucus  is  the  same  in  all  cases, 
and  has  the  following  properties :  it  is  insoluble  in  water,  but  is 
able  to  imbibe  so  much  of  this  fluid  as  to  become  more  or  less 
transparent,  semi-liquid,  or  what  is  termed  glairy.  If  in  thb 
state  it  be  laid  on  blotting  paper,  and  the  paper  changed  as  it 
becomes  wet,  the  mucus  may  be  deprived  of  the  greater  part  of 
the  moisture  which  it  had  absorbed,  and  will  then  lose  most  of 
its  peculiar  properties.  Mu^us  is  not  coagulable  by  boilings  it 
becomes  transparent  when  dry,  and  generally  resumes  its  mucous 
character  on  adding  fresh  water,  but  there  is  great  difference  ia. 
this  property. 

The  liquid  part  of  mucus,  or  that  fluid  which  the  proper 
mucous  matter  imbibes,  and  to  which  it  owes  its  fluidity,  is  the 
same  as  the  liquid  that  remains  after  the  coagulation  of  the 
aerum. 

My  experiments  give  the  following  constituent  parts  of  nasal 
mucus: — 

Water 933-7 

-Mucous  matter 53*5 

Muriate  of  potass  and  soda 5*G 

liactate  of  soda,  with  its  accompanying  ani-7  o^ 

mal  matter   , .  5 

Soda 0*0 

Albumen  and  animal  matter  insoluble  in  alco- 1  ' 

hoi,  but  soluble  in  water;  along  mth  af  S*S 

trace  of  phosphate  of  soda 3 

1000-0 

Nasal  mucus,  when  just  secreted,  cQntains  a  greater  ptopoT'' 
tion  of  water  than  above  stated.  It  is  very  fluid;  and  gives  Iqf 
evaporation  only  0*25  per  cent  of  solid  matter.  jThere  is  reason 
to  suppose  that  its  peculiar  animal  matter  is  first  dissolved  in  the. 
free  alkali,  but  is  gradually  precipitated  as  th^  alkali  bec<»Q0 
carbonated  by  the  contact  of  the  respired  air.  The  mucus  which 
I  analysed  was  of  such  a  consistence  that  the  whole  quantity  fell 
out  on  inclining  the  vessel  that  contained  it. 

The  proper  mucous  matter  of  the  nose  has  the  following  pnK. 
perties:  immersed  in  water  it  imbibes  so  much  moisture  as  ti^ 
become  transparent,  excepting  a  few  particles  that  remaijiopakei 
ii  may  then  be  separated  by  the  filter  from  the  rest  of  the  water, 
and  may  be  further  dried  on  blotting  paper  till  it  has  again  hi 
BtauAy  the  wi;iok  of  the  paioistuct  it  bad  imbibedt  iducus  tbi» , 
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dried  will  again  absorb  water  when  immersed  in  it,  and  r^utii)^ 
its  transparency ;  and  this  alternate  wetting  and  drying  may  be 
repeated  an  indefinite  number  of  times,  but  it  thus  gradually 
becomes  yellowish  and  more  resembling  pus.  Five  parts  df 
recent  mucus  absorbed  by  95  parts  of  water  produce  a  gkiiiy 
mass  which  will  not  pour  from  a  vessel.  When  mueus  is  boiied 
with  water  it  docs  not  become  horny,  nor  does  it  coagulate ;  die 
violent  motion  of  ebullition  rends  it  in  pieces^  but  when  the 
boiling  is  discontinued,  it  is  found  collected  again  at  the  bottom 
cvf  the  vessel,  and  nearly  as  mucous  as  before.  I  should  observe, 
however,  that  this  mucus  naturally  contains  a  little  albumeii, 
which  must  first  be  extracted  by  cold  water  to  enable  the  re- 
maining mucus  to  exhibit  the  above-mentioned  appearances* 
The  nasal  mucous  matter  dissolves  in  diluted  sulphuric  acid : 
H  when  the  acid  is  concentrated,  the  mucus  is  carbonized.  Nitric 
acid  at  first  coagulates  It,  a  numl>er  of  yellow  spots  being  db- 
persed  through  the  coagulum  ;  biit  by  continuing  the  digestion 
It  softens,  and  is  finally  dissolved  into  a  clear  yellow  liquid  con- 
taining none  of  that  yellow  substance  which  I  have  described 
under  fibrin. 

Acetous  acid  hardens  mucous  matter,  but  without  dissolving 
it,  even  in  a  boiling  heat.  Caustic  alkali  at  first  renders  mucous 
matter  more  viscous,  and  afterwards  dissolves  it  into  a  jimpid 
flowing  liquid.  Tannin  coagulates  mucus,  both  when  softened 
by  the  absorption  of  water,  and  when  dissolved  either  in  an  acid 
Of  an  alkali. 

The- Mucus  of  the  Trachea,  as  far  as  I  havCvbeen  able  to 
examine,  possesses  the  same  properties  with  the  i^eceding.  The 
first  morning  expectoration  often  ipontains  bluish  or  dark  coloured 
flocculi,  which  will  imbibe  20..time5  their  bulk  of  water,  and 
sometimes  become  thereby  so  perfectly  transparent  as  hardly  to 
be  distinguished  in  the  surrounding  water.  Acids  and  alkalies 
act  upon  them  as  on  nasal  mucus. 

'     The  Mucvs  of  the  GtjtlUbladder  much  resembles  that  of  the 

^^lostrils,  but  is  more  traiSsparenY,  •  and  is  always  tinged  yellow  by 

the  bile.     When  dried  it  will  again  soften  in  water,  but  loses 

ipart  of  its  mucous  property.    Biliary  mucus  dissolves  in  alkali, 

*attd  its  fluidify  increase?  m  proportion  to  the  quantity  of  the 

:Iattcilr.    If  this  solution  is- exactly  saturated  with  an  acid,  the 

'mixture  hecomes  slightly  turbid,    and  of  a  consistence  to  be 

drawn  out  in  threads.     All  the  atrrds  ptoduce:  with  biliary  mucus 

a  yellotvish  coagulum  that  reddens  litmus;  The  coagulum  formed 

%ith  the?  sulphuric  acid  may  be  restored  to  its  mucous  properties 

'by  e^adt  saturation  with  an  alkali.      Alcohol  coagulates  this 

mucus  into  a  very  yellow  granular  mass,  to  which  the  mucous 

^rbperty  cannot  be  restored.    A  similar  mass  7s  often  found  in 

^thfe  adipocii-ous  biliary  t:oncretion?  T  and*  rt  is  remarkable  that  It 
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Hsay  be  produced  from  mucus  by  alcohol^  as  from  biliary  matter 

by  ether. 

Bile  itself  is  often  of  such  a  mucous  consistence  as  to  be 
drawn  out  in  threads.  This  is  owing  to  the  presence  of  mucus 
dissolved  in  the  alkali  of  the  bile.  A  very  little  of  any  acid  (the 
acetous  for  example)  precipitates  the  mucus,  and  destroys  the 
iriscosity  of  the  bile.     Alcohol  has  the  same  effect. 

Former  chemists  seem  to  have  regarded  this  property  of  bile 
as  owing  to  the  presence  of  albumen,  the  existence  of  which 
has  been  considered  as  demonstrated  by  the  precipitate  caused 
by  adding  acetic  acid  or  alcohol.  From  what  i  have  already 
mentioned,  it  is  clear  that  no  precipitate  produced  by  acetic  acid 
can  be  albumen,  since  the  latter  is  soluble  in  this  acid ;  and  as 
bile  is  not  disturbed  by  prussiate  of  potass  or  by  tannin  after  the 
precipitate  by  acetous  acid  is  removed,  this  is  a  proof  that  no 
albumen  can  be  contained  in  bile.  The  following  experiment  ia 
conclusive  that  the  supposed  albumen  of  bile  is  only  mucus^  mix 
some  bile  with  very  weak  sulphuric  acid,  drain  oo  a  filter  the 
yellow  precipitate  thus  formed,  and  then  digest  it  with  a  satu- 
rating quantity  of  carbonate  of  soda  and  water,  and  the  precipi- 
tate will  be  changed  to  a  mucus,  which  will  be  more  or  less 
glairy,  according  to  the  quantity  of  water  employed. 

TJie  Mucus  of  the  Intestines  accompanies  the  excrements,  in 
which  it  often  forms  long  and  transparent  filaments.  When 
once  dried,  the  addition  of  water  will  not  restore  its  mucous 
property,  but  alkalies  produce  tliis  effect,  though  without  ren- 
dering it  transparent. 

The  Mucus  of  the  Urinary  Passages  accompanies  the  urine, 
in  which  it  is  partly  dissolved,  and  partly  suspended  mechani- 
cally. The  latter  portion  is  generally  too  transparent  to  be 
distinguished  by  the  eye ;  but  it  may  be  exhibited  by  lettipg  the 
urine  remain  awhile  at  rest,  decanting  the  fluid  portion,  and 
drying  the  mucus  on  a  filter.  This  loses  its  mucous  property 
totally  by  desiccation,  and  tlien  often  becomes  rose-coloured, 
owing  to  the  presence  of  uric  acid,  and  appears  to  be  ciystal- 
lized.  It  softens  a  little  in  water.  The  urinary  mucus  is  easily 
soluble  in  alkalies,  and  is  not  separated  from  this  solution  by 
acids.  Tannin  separates  it  in  white  flocculi.  I  shall  return  to 
this  subject  under  the  analysis  of  urine. 

4.  Fluids  of  the  Sei'ous  Memhranes. 

It  is  well  known  tliat  the  surface  of  serous  membranes  it 
always  moistened  by  a  liquid,  which  in  a  state  6f  health  is  never 
secreted  in  quantities  sufficient  for  analysis  ;  it  is  therefore  only 
during  a  dropsical  state  of  these  membranes  that  we  can  gain 
any  knowledge  of  its  properties.  This  fluid  may  be  considered 
49  ^rum  deprived  of  from  f  to  4.  of  its  albumen*    It  does,  not 
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coagulate  by  mere  boiling,  but  it  gradually  becomes  turbid,  and 
during  the  evaporation  a  coagulated  mass  collects.  This  appears 
to  be  albumen^  but  it  has  a  sulphur-yellow  colour.  It  is  com- 
posed of 

Water •....  98830 

Albumen    •..,..• 1-66 

«   ^up.ate  of  potass  aod  soda • .      'J'OO 

Lactate  of  soda  and  its  aninoial  matter  . .       2*32 

Soda 0-28 

.  Anjmal  matter  puly  solluble  i^  water^i  1        ^.^^ 
with  a  tn^ce  of  phosphates  .....••/ 

lOOO-OO 

The  fluid  whose  analysis  is  here  grven  was  that  of  hydro-^ 
cephalus,*  which  probably  approaches  nearer  than  any  other  of 
the  morbid  effused  fluids  to  the  natural  state,  on  account  of  th^ 
short  duration  of  the  cKsease,  and  the  little  time  to  which  the 
fluid  is  exposed  to  spontaneous  change  within  the  ventricles  of 
the  brain.  The  other  dropsical  fluids  are  in  general  more  con^ 
centrated,  which  may  arise  either  from  the  mere  consequepce  of 
being  long  kept,  or  horn  the  transudation  of  the  serum  of  the 
bloo^  that  always  occurs  in  the  last  stages  of  dropsy,  and  appears 
also  t6  tsike  jplace  in  the  urine  and  cellular  m^mbr^neu 

6.  The  Humors  of  ike  Eye. 

The  quantity  of  these  fluids  t^t  can  be  procured  is  so  small 
that  it  is  not  easy  fo  obtain  a  very  exact  analysis  of  them.  How- 
ever, my  experiments  have  shown  nie  that  they  h^ar  a  very  close 
aflinity  with  the  other  membranous  fluids.  Those  of  the  eye  are 
distinguished  by  being  perfectly  transparent  and  colourless;  the 
other  membranous  fluids  having  d  yellowish  tinge.    The  humors 

*  It  give^  me  vk^c\  pfe^su^  again  tp  fafl  ioio  the  tfacjc  of  Dr.  Marcet*j 
l^bears,  who  has  analyzed  many  of  these  'flaids  with  results  so  nearly  ap- 
proachikij:  my  owa  tu  to  be  a  '  considerable  confirmation  of  tlieir  accuracy, 
particularly  as  our  e^pcriqieiits  werft  i|U|49  nearly  at  the  fainc  Mn^*  aafl  wiCli- 
,flut  any  ||Laowlef|gf  of  each  other's  o^^epitlqns.  ^he  following  a^  Pr.  wiircot^t 
Tcsnlts: — 

Fluid  of  Fluid  of 

Spina  bifida.         Hydrocephalus  inCernof^ 

Water 988  60 990-80 

^    Muco>eztractiTe  matter,  Ac.      S-SO J-19 

Murjates,  &c 7*66 6*64 

Subcarbonate  of  soda 1*S5 1*24 

i^hospbatrs,  &c O'SO.!. 0*«0 

I  tui^y  obfenre  that  the  circnmstance  of  Dr.  Marcet'if  having  found  a  greater 
miantity  of  spda  is  owing  io  the  decomposition  of  the  lactate,  as  well  as  to 
Uie  presence  of  carbofiicacid.  .      -i 

Vot.  II.  N°  V.  2  B 
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of  the  eye  are  not  coagulated  by  boiling.    Their  composition  if 
as  follows: — 

Aqueous  Humor.  Vitreous  HuuMr^ 

Water 98-10 . . ! 5i8-40 

Albumen a  trace 0*1 6 

Muriates  and  lactates  .......  1*15 1*42 

Soda,  with  animal  matter 7    ^.^^    ^  ^^^ 

soluble  only  in  water  ...  5  •  *  •  •  * 

The  crystalline  lens  has  a  peculiar  and  very  remarkable  com* 
position.  It  has  been  considered  as  a  muscle  from  the  wel^ 
known  experiment  of  M.  Reil,  who,  on  treating  it  with  nitric 
acid,  discovered  in  it  a  peculiar  muscular  structure ;  and  Mr. 
Chenevix  also  found  that  its  density  and  specific  gravity  increased 
towards  the  center.  But  its  solubility  in  water  is  a  sufficient 
proof  that  it  is  not  a  muscle,  though  to  effect  this  solution  it  is 
necessary  to  break  it  down,  and  then  it  leaves  undissolved  frsmall 
portion  of  extremely  pellucid  membrane.  This  circumstance, 
added  to  that  of  the  increasing  density  towards  its  ceater,  shows 
that  the  structure  of  the  lens  is  cellular,  the  cells  being  fiHed 
with  pellucid  matter  of  different  degrees  of  concentration. 

The  composition  of  the  lens  I  have  found  to  be  as  follows:*— 

Water 58-0 

Peculiar  matter 35*9 

Muriates,    lactates,   and    animal    matter,   all?         . 

soluble  in  alcohol X        * 

Animal  matter  soluble  only  in  water,   with/     ,  ^        • 

'    some  phosphates .v .x  \r 

Portions  of  the  remaining  insoluble  cellular/     ^^^       <, 

membrane   • , v 


100-0 


i 


The  matter  peculiar  to  the  lens  is  remarkable.  It  Qoagqlifites 
by  boiling,  and  the  coagulum  has  all  the  cheniical  properties  of 
the  colouring  matter  of  blood,  except  colour,  which  Is  entilneljf 
absent.  When  burnt,  it  leaves  a  little  ash,  containing  a  yerjt 
small  portion  of  iron.  The  liquor  in  which  the  coagulum  "B 
formed  reddens  litmus,  has  the  smell  of  the  humors  of  the 
muscles,  and  like  them  contain?  free  lactic  acid. 

The  perfect  achromatic  transparence  of  the  lens,  notwith« 
standing  its  similarity  in  chemical  properties  to  the  colouring 
matter  of  the  blood,  is  well  worthy  of  notice.  The  Mack  pig- 
ment of  the  choroidea  is  a  powder  insoluble  in  water  and  acids, 
but  slightly  soluble  in  alkalies.  When  dried  and  ^nited,  Jt 
burns  as  easily  as  a  vegetable  substance,  and  tlie  ash  contains 
much  iron.    From  these  observations  it  may  well  be  supposed 
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tbat  the  circulating  blood  is' decomposed  on  the  interior  surface 
of  the  choroidea,  leaving  there  its  colouring  matter,  which  is 
required  for  the  purposes  of  vision,  and  conveying  the  remainder 
to  the/  iaser  part  of  the  eye  perfectly  limpid  and  colourless. 
Need  I  add  that  the  received  opinion  of  the  presence  of  gelatine 
and  aHipmen  in  the  lens  is  erroneous?  The  existence  of  free 
lactic  acid  in  the  humors  of  the  lens  proves  nothing  with  regard 
to  its  !^up|X)sed  muscular  structure  ;  but  only  shows  the^  presence 
of  absorbing  vessels  to  convey  the  products  of  the  spontaneous 
d<S[*Ortri position  of  animal  matter,  one  of  the  most  important  of 
wiiidi  appe;ars  to  be  the  lactic  acid. 


a/ 


(Tq  be  continued,) 
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Article  XL 


'^^pieticdl  OlservaJtmns  at  Hackney  Wtck.    By  Col*  Beaufoy* 

Magnetical  Observations. 

Latitude  SI**  3^  40"  North.     Longitude  West  ib  Time  6"-^* 

1813, 


Mornins  Observ. 

Noon  Observ. 

Eveninc:  < 

Observ.     1 

MoQth. 

1 

Hour. 

Variation. 

Hour. 

Varit'ition. 

H 

our. 

Variation,  j 

Sept.  18 

8h 

55' 

24«   15'  43" 

2h 

10' 

24« 

21'    66" 

00' 

24» 

15'    12" 

DUto  19 

9 

00 

24     16    09 

1 

50 

24 

21     22 

_ 

— — 

— 

—    — 

Ditto  20 

8 

50 

24     16    00 

2 

03 

24 

23     32 

5 

55 

24 

12    02 

Ditto  21 

8 

55 

24     14    56 

2 

15 

24 

20    33 

6 

00 

24 

15    52 

Ditto  22 

8 

50 

24     12    55 

_ 

.« 

•_ 

_    _ 

6 

00 

24 

14     10 

Ditto  23 

8 

45 

24     13    45 

2 

05 

24 

21     38 

5 

55 

24 

15    00 

Ditto  24 

8 

52 

24     13    42 

2 

00 

24 

22     40 

5 

57 

24 

16    02 

Ditto  25 

9 

00 

24     16    01 

._ 

... 

— . 

...    — 

6 

00 

24 

15    44 

:»llitt«'«6 

8 

50 

24     1^    01 

I 

57 

24 

23    07 

5 

55 

24 

15    50 

Ditto  27 

8 

50 

24     14     16 

2 

00 

24 

22    48 

«~ 

—. 

— 

—    — . 

^    Ditto  28 

8 

45 

24     13    56 

1 

55 

24 

22    56 

5 

55 

24 

17     00 

'    Ditto  29 

8 

50 

^24    14    45 

2 

02 

24 

24     30 

5 

50 

24 

17     38 

\    Ditto  SO 

9 

OS 

24    ISO    00 

2 

15  124 

23     16 

5 

50 

24 

17     08 

Mean  of       f  Morning  at  8''  53' Variation  24*»  15'  46" 

Observations    <Noon  at  2  02 Ditto  24  22  32  5- West. ' 

in  Sept.         (Evening  at  6  03 Ditto  24  16  04 

(Morning  at  8  44..:..  Ditto  24  15  58 

Ditto  ID  Aug.    ^Noon  at  2  02 Ditto  24  23  32  }»  West. 

(Evening  at  7  05 Ditto  24  16  08 

(Morning  at  8  37 Ditto  24  14  32 

Ditto  Id  July.  VNoon  at  1  50 Ditto  24  23  04  >.  Weft. 

(Evening  at  7  08.....  DiUo  24  13  50 

2  B  2 
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Mean  of       fMorninf  at  8^  SC Variatioa  34»  12'  35", 

ObservstioiM    ^Nnon  at  1     33 Ditto  24  22  17  >>  West* 

iaJaHe.        C  Evening  at  7    04 Ditto  24  16  04 

r  Morning  at  8    22 Ditio  24  12  02 

I>ltt<»  in  May.   <Noon  at  1     3t Ditto  24  20  54  ^  West. 

f  Evening  at  6    14 Ditto  24  13  47 

Morning  al  8    31 Ditto  24  09  18 

Ditto  in  April   ^Noon  at  0    69 Ditto  24  21  12  S- West. 

Evening  at  5    46 Ditto  24  15  25 
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Morning  Observ.     | 

Noon  Observ,           Eveoini;  Observ.      | 

Month 

1 

Hour. 

Variation. 

Hour. 

Variation. 

Hour. 

Variation. 

Oct.       1 

8^  53' 

24«> 

14' 

56" 

gh 

03' 

240  25'   46^' 

Ditto     2 

8    45 

U 

13 

28 

2 

05 

24    22    50 

4> 

Ditto     3 

8    52 

•24 

14 

39 

2 

05 

24    21     02 

5  Ji 

Ditto    5 

8    50 

•:4 

15 

40 

2 

00 

24    24    30 

4^ 

Ditto    6 

8    45 

24 

15 

56 

2 

10 

24    22    05 

Ditto    8 

8    50 

24 

14 

54 

— . 

_ 

-i.    —    — 

Ditto     9 

8    35 

U 

12 

31 

2 

05 

24    22    12 

Ditto  10 

8    45 

'24 

16 

47 

1 

55  '24    28    36 

"So- 

Ditto  11 

8    45 

24 

14 

42 

1 

58  i24    22    28 

=  Ib 

Ditto  12 

8    45 

24 

14 

42 

2 

05   24     19    07 

il 

Ditto  )4 

8    50 

24 

15 

28 

1 

55  24    23    02 

sh'or 

Ditto  15 

8    45 

24 

15 

20 

1 

50   24    22    23 

Ditto  16 

8    45 

24 

17 

32 

2 

00  24    20    57 

« 

Ditto  17 

8    S5 

24 

16 

50 

1 

67    24    22    06 

1           1 

Sept.  30. — The  wind  blew  hard  from  the  cast,  tlie  weather 
fine;  and  at.  noon  the  needle  became  unsteady,  and  vibrated 
three  minutes. 

Oct.  \  0. — ^The  variation  was  remarkable,  the  day  fine,  with 
a  pleasant  breeze  from  the  west ;  fifteen  hours  after  it  blew  rery 
hard  from  the  same  point,  with  rain. 

Oct.  15.— The  wind  blew  strong  from  the  south-west,  with  a 
drizzling  rain;  and  the  needle,  at  intervals,  vibntted  at  noon 
five  minutes. 

Rain  fallen  $  5^|^^"  »«»■  *>J  ^^  }^  ^^'  X  0-961  Inches. 
I  Between  noon  of  tbe  lit  Oct.  >  imv-v*. 

Bvaporation  daring  tbe  same  period,  2*000  inches. 


EiiRATA  IN  Number  X.  p.  302. 

Sppt.  3,  for  24»   13'   11"  read  24»  23'    M". 
Sept.  5,  for  24    12    15    re«i  24    22    15. 
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Article  XII. 

Some  Mineralogical  Remarks  on  Greenland*    By  Thomas  AUgn, 

Esq.  F;R.S.E. 

(To  Dr.  Thomson.) 

SIR, 

In  your  second  Number  you  were  so  obliging  as  to  insert  some 
remarks  on  a  collection  of  Greenland  mmerais  which  fell  into 
my  hands  a  few  years  ago..  I  then  mentioned,  that  the  Gentle- 
man who  collected  them  would  be  here  this  season ;  and  I  have 
jiow  the  pleasure  to  announce  to  you  the  safe  arrival  of  Mr. 
.Geisecke,  after  a  residence  of  seven  years  and  a  half  in  Green- 
.land,  where  he  has  been  occupied  in  examining  the  coast  and 
numerous  islands,  from  Cape  Farewell,  in  kt.  594-^1  all  along 
^the  west  side  of  the  peninsula,  to  76°. 

It  is  with  much  satisfaction  that  I  find  the  losses,  which  he 
sustained  in  consequence  of  the  war,  have,  in  a  gvs^  measure^ 
been  repaired,  by  his  industry  and  perseverance,  although  they 
added  one  year  more  to  his  detention  in  the  country.  Mr. 
Geisedke  is  pos»sessed  of  a  great  deal  of  interesting  intelligence^ 
not  only  with  regard  to  the  mineralogy  and  geology,  but  also  the 
zoology  and  botany,  of  the  country  :  the  former  were  his  priii^ 
cipal  objects ;  and  from  his  accurate. knowledge  of  every  part  of  ^ 
the  science,  we  liavc  reason  to  expect  a  great  deal  of  most  useful 
And  interesting  information,  as  he  is  about  to  publish  an  account 
of  his  travels  in  Greenland. 

.  With  his  permission,  I  am  now  enabled  to  give  you  some 
information  respecting  cryolite,  and  the  other  new  minerals 
^mentioned  in  the  note  i  formerly  sent  you.  Cryolite  is  found 
only  in  one  place,  in  a  very  remote  and  unfrequented  quarter,  in 
a  fiord,  or  arm  of  the  sea,  distinguished  by  the  name  of  Arhsittj 
«ijtuated  about  30  leagues  from  the  colony  of  Juliana  Hope,  in 
South  Greenland.  It  occurs  imbedded  in  gneiss,  in  two  thin 
irregular  seams :  one  of  these  contains  the  pure  while  cryolite, 
and  is  entirely  uncontaminated  with  any  adnuxture ;  the  other  is 
wholly  composed  of  the  brown  discoloured  variety,  mixed  with 
galena,  pyrites,  &c.  They  are  situated  very  Hear  each  other : 
'  the  first  is  washed,  at  high  water,  by  the  tide,  and  a  i:onsiderai)ie 
portion  of  it  is  exposed,  the  superincumbent  gneiss  being  re- 
moved. It  varies  from  one  foot  to  24.  in  thickness.  From  the 
degree  of  decomposition  .which  it  has  undergone,  this  curious 
fossil  could  not  be  procured  attached  to  the  matrix,  particularly 
as  it  was  always  separated  by  a  thin  layer  oi  mica  in  a  state  of 
disintegration. 
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The  mineral  to  which  you  have  given  the  name  of  sod«lite 
likewise  occurs  only  at  one  spot,  but  in  a  more  accessible  situa- 
tion, at  Kanerdluarsuk,  a  narrow  tongue  of  land  upwards  of 
three  miles  in  length,  in  lat.  61°.  It  is  found  in  an  extensive 
bed,  varying  from  6  to  12  feet  in  .thickness,  and  dipping  south. 
It  occurs  between  beds  of  mica  slate  ;  these  rest  on  gneiss;  and 
in  tlie  upper  one  the  graphite,  noticed  in  the  list  of  minerals 
formerly  sent  you,  is  found  disseminated.  The  coasts  are  here 
precipitous,  but  the  land  nowhere  in  this  vicinity  above  1000 
feet  high. 

The  allanite  occurs  in  granite  at  Kakasoeitsiak,  near  Alluk, 
between  Capes  Discord  and  Farewell,  on  the  east  coast,  the 
extreme  point  of  Mr.  Geiseck^'s  travels  in  that  direction  ;.  and 
he  consequently  was  unable  to  revisit  it.  Of  your  analysis  of 
these  two  minerals  Mr.  Geiseckc  had  heard,  by  means  of  a  Hull 
paper,  and  had  them  noted  in  his  catalogue  under  the  names 
you  have  given  them.  Besides  these,  Mr.  Geisecke  has  been  so 
fortunate  as  to  find  a  great  variety  of  other  minerals,  entirely 
new,  specimens  of  most  of  which  he  had  the  kindness  to  place 
in  my  cabinet.  It  is  not,  however,  my  business  to  rob  him  of 
the  satisfaction  of  making  them  known  ^o  the  mineralogical 
tvorld  himself,  which,  besides,  I  could  only  do  in  a  very  imper- 
fect manner.  After  arranging  his  affairs  in  Copenhagen,  where 
he  proposes  to  place  a  suite  of  the  minerals  of  Greenland  in  the 
Royal  Cabinet,  he  proceeds  to  his  own  country,  with  the  inten- 
■  tion  of  immediately  preparing  for  the  press. 

Your  readers  will  probably  be  anxious  to  know  the  kind  of 
country  Mr.  Geisecke  met  with  in  Greenland.  So  far  as  he  saw, 
the  continent  was  entirely  prinjitive,  excepting  the  peninsula,  of 
Norsoak,  in  71°.  The  laige  island  Disco  is  composed  of  trap 
rocks,  resiiDg  on  gneiss  and  mica  slate.  Hassen  Island,  and 
one  or  two  others  in  tha,t  neighbourhood,  are  also  composed  of 
trap;  and  among  the  immense  group  of  the  Vrouwen  Islands, 
v^hicii  are  principally  primitive,  he  found  a  few  small  one?  be- 
longing to  the  floetz  class. 

The  difficulties  Mr.  G,  had  to  contend  with  were  innumerable, 
and  the  dangers  continual.  He  frequently  had  to  walk  30. or. 40 
miles,  carrying  on  his  shoulders  the  fruits  of  his  labour;  and  in 
going  from  one  island  to  another,  he  had  nothing  to  convey  bim 
but  the  miserable  seal-skin  boats  of  the  country,  and  these 
always  managed  by  women. 

I  have,  therefore,  more  reason  to  be  surprised  at  his  being 
able  to  form  a  collection  at  all,  than  that  his  minerals  should 
have  been  in  the  dirty  and  uncouth  state  in  which  1  found  them. 
He,  however,  informs  me,  that  they  were  in  a  very  difFeretit 
condition  when  ihey  were  sent  from  him ;  and  has  pointed  out 
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•  '    « 

several  specimens  which  he  had  carefully  packed  up  at  the  time, 
although  they  were  loose  and  dirty  when  they  came  into  my 
hands.  I  am^  Sir,  your  most  obedient, 

Edinlmrghf  Oct,  12,  1813,  Thomas  Allan. 


Article  XIII. 

Proceedings  of  Philosophical  Societies. 

IMPEBIAL   INSTITUTB  OF   FRANCE. 

Recount  of  the  Lalours  of  tlie  French  Institute  for  1812. 

{Concluded  fr§m  p,  911.) 
MEDICINE  AND   SURGERY. 

After  twelve  years  of  experiments,  made  in  every  civilized 
country,  since  the  discovery  of  vaccination,  the  Class  conceived 
that  it  would  be  useful  to  collect  the  result  of  the  observations 
on  an  object  so  important  to  humanity.     Another  motive  ren- 
^  dered  this  undertaking  necessary :  objections  and  doubts  had 
been  raised  by  wellvinformed  men,  whose  testimony  was  calcu* 
.][ated  to  influence  public  opinion.     It  has  even  been  questioned, 
whether  small-pox  inoculation,  considered  as  a  preservative,  and 
'{n  some  cases  as  a  remedy  for  various  diseas^es,  was  not  preferable 
.  .to  vaccination,  or  at  least  entitled  to  be  preserved  as  well  as  it. 
MM.  Berthollet,  Percy,   and  Halle,  commissioners,  under- 
took the  necessary  researches  to  satisfy  the  intention  of  the 
"  Society;  and  presented,  by  means  of  M.  Hall^,  a  long  report, 
^  which  thp  Class  ordered  to  be  printed.    They  bring  the  different 
points  of  discussion  to  six  principal  questions.     Under  these 
-  difierent  heads  they  unite,  as  far  as  possible,  every  thing  that  has 
been  accurately  ascertained  respecting  the  effects  of  vaccination 
in  Europe,  and  in  the  countries  where  Europeans  have  been  able 
Xq  introduce  vaccination. 
;^'    They  have  collected  a  great  many  facts,  observed  particularly 
^5n  France,  England,  Italy,  India,  and  America,  and  observed 
'in  individuals  of  all  classes,  constitution,  mode  of  life,  habits, 
atid  manners,  exceedingly  different  from,  each  other.    On  the 
other  hand,  they  endeavour  to  estimate  the  value  of  the  prin- 
cipal facts  upon  which  have  been  founded  the  most  plausible 
objections,  which  they  neither  attempt  to  elude  nor  conceal. 
Thus,  by  comparing  together  the  observations,  they  have  been 
Jed  to  the  conclusions  with  which  they  terminate  their  report: 
namely — 
T^ajt  vaccination  does  not  introduce  into  the  body  ^  matter 
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capable  X)i  |)rbducing  a  remarkable  disftiiirbknce,  afid  irtiich  re- 
qaires  to  be  expelled  by  a  movement  sinrilar  to  that  which 
results  froto  inoieolatlon :  that  the  eruptions  which  sometimes 
appeared  *t  first  Were  not  owing  to  the  cow-pox  matter  5  but  to 
other  circumstances,  in  the  midst  of  which  these  vaccinations 
were  performed  : 

That  the  unfortunate  results  which  sometimes  occurred  were 
owing  to  causes  altogether  foreign,  which  made  their  appearance 
during  the  course  of  vaccination,  and  owing  entirely  to  the  state 
of  the  patients : 

.  That  the  disorders  following  vaccination,  when  not  owing  to 
pre-existing  diseases,  have  been  very  particular  cases,  depending 
upon  circumstances  peculiar  to  individuals ;  and  tliat  their 
number  bearing  no  pWportion  to  the  i/nmense  number  of  olfeer- 
vations  exempt  from  -accidents  of  any  Idnd,  no  general  conse- 
quence can  be  drawn  from  them  : 

That  the  unfortunate  results,  even  supposing  them  incon- 
testible,  are  more  than  compensated  by  the  huroerdtis  instances 
'of  chronical  and  obstinate  diseases  which  have  been  completdv 
removed  by  Vaccination ;  examples  which,  when  compared  with 
•similar  effects  from  inoculation,  especially  if  w^  take  into  ronsi- 
'deration  the  greater  danger  of  inoculation,  leave  the  sti^riority 
greatly  on  the  side  of  vaccination : 

Finally,  that  the  preserv^ative  virtue  of  vaocinatkin,  "when  the 
virus  has  been  properly  taken,  ^uA  the  pock  has  proceeded  pro- 
perly, is  fully  as  great  iis  that  of  small-pox  inoculation ;  while  it 
possesses  the  immense  advantage  trf  circumscribing  small-pox 
epidemics,  and  affords  reasonable  hopes  of  finally  annihiiating 
this  theadful  scourge  of  humanity.  * 

M.  Pbrtal  has  published  a  new  edition  of  his  treatise  on 
asphyxias ;  a  wOrk  printed  and  circulated  by  order  of  govern- 
ment, for  the  instructidn  of  the  people,  and  which  has  probably 
saved  the  lives  of  thousands  of  citizens,  s^nce  it  has  been  circu- 
lated in  France,  and  in  all  the  rest  of  Europe,  by  the  numerous 
translations  that  have  been  made  of  it. 
^  M,  Dumas,  correspondent  and  Dean  of  the  Faculty  of  Medi- 
cine at  Montpellier,  has  published  a  considerable  work,  entitled 
General  Doctrines  of  Chronical  Diseases,  in  which  he  considers 
this  important  subject  in  the  most  general  point  of  view.  Not 
confining  himself  to  the  external  forms  of  these  diseases,  he 
ascends  to  the  principles  of  their  phenomena,  determining  h'y 
analysis  the  simple  affections  of  which  they  are  composed,  and 
which  may  be  considered  as  their  elements.  An  accurate  com- 
parison of  acute  lind  chronic  diseases  induces  him  to  conclude 
that  therq  is  no  constant  character  which  separates  these  two 

*  Tliie  im|>ortaiit  jpaper  will  be  found  iq  Xos.  II.  and  lY.  of  our  JboilkiiU 


classes  <)f  diseaises.  Iti  his  accocmt  of  chroQtc  diseases,  he  showi 
that  the  waht  of  imtrition  and  emacifttioQ  are  produced  mori 
speedily  foy  diseases  cohneclfed  with  respiration  thab  with  th6 
organs  of  digestion.  He  shows  the  constant  relation  between 
certain  external  forms^  and  a  disposition  to  pecnyar  chronic 
diseases.  Hence  he  deduces  the  character  of  the  physiognomy 
peculiar  to  each. 

The  study  of  the  revoludons  natural  to  these  diseases  has  made 
him  perceive  a  period  within  which  it  is  3till  possible  to  prevent 
their  formation  :  different  kinds  of  crises  which  succeed  it,  and 
what  may  render  these  crises  advantageous  or  injurious :  the 
different  changes  of  ftcute  into  chronic  diseases,  and  vice  versa, 
tmd  the  cadse  of  these  altei^Htions. 

The  determination  of  the  simple  aflFections  of  which  these 
diseases  are  compcfsed,  or  of  their  pathological  elements,  ap- 
peared to  him  of  the  greatest  importance ;  since  it  furnishes  us, 
in  some  measure,  with  the  means  of  simplifying  them,  by 
attacfking  these  elements  one  after  another,  beginning  with  the 
'most  powerful.  This  fundamental  point  of  view  has  enabled 
liim  to  explain  their  formation,  and  to  determine  iti  a  solid 
manner  the  method  of  treating  them  ;  but  for  this  purpose  it  was 
necessary  to  draw  an  accurate  line  between  the  essential  elemen- 
tary affections  and  the  symptomatic. 

Thus  he  has  risen  by  degrees  to  the  general  phenomena,  and 
has  been  able  to  deduce  them  from  a  small  number  of  primitive 
affections.  His  theory  of  the  formation  of  chronic  diseases 
reduces  itself  to  the  relations  of  the  elementary  affections  to  each 
other,  and  to  the  system  of  organs  which  they  occupy. 

M.  Dumas  treats,  in  a  manner  which  he  considers  as  new, 
every  thing  that  regards  the  general  disposition  to  chronic 
diseases.  He  establishes  a  difference  between  the  constitution 
and  the  temperament,  which  are  sometimes  opposed  to  each 
ether  ;  and  this  opposition  is  the  most  direct  cause  of  a  tendency 
'to  chronic  diseases.  He  estimates  the  influence  of  time  of  life 
by  the  relation  between  the  elementary  affections,  from  which 
results  a  disposition  at  every  age  to  different  kinds  of  diseases, 
modifications  in  the  diseases  common  to  each  age,  and  changes 
advantageous  or  hurtful  during  the  progress  of  each  disease.  He 
treats  of  the  passions  after  analogous  views.  Each  of  them  may 
"be  decomposed  into  a  certain  number  of  simple  affections,  which 
Metapliysics  knows  and  enumerates. 

Finally,  M.  Dumas  arrives  at  his  last  part,  which  is  that  of 
the  treatment.  He  shows  the  justice  of  his  doctrine,  by  making 
it  appear  that  all  the  approved  methods  of  treatment  are  easily 
reducible  to  the  principUs  which  he  has  established.  He  fini^slies 
with  some  interesting  observations  on  hereditary  and  on  incurable 
diseases. 

In  an  appendix^  M^  Dumas  gives  several  exam^jles  of  the 
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manner  in  whicb.be  thinks  the  particular  and  detailed  history  of 
the  elementary  affections  may  be  drawn  up.  A  second  work, 
which  Ive  promises,  will  establish  and  explain^  by  examples 
4rawn  ffom  his  practice,  every  thing  difficult  and  ab&tract  which 
th^  geoBral  doctrine  contains. 

AGRICULTORB  AND  TECHNOLOGY. 

^  M.  Tessier  has  presented  us  with  the  results  of  numerdiis 
experiments  wliich  he  made  to  compare  with  each  other  the 
faraia  of  different  varieties  of  wheat,  and  the  bread  made  from 
ibera.  Wheats  raised  in  the  same  field,  ground  in  the  same 
mill,  baked  by  the  same  baker,  and  in  the  same  oven,  gave 
loaves  very  different  in  appearance,  taste,  and  rapidity  of  drying; 
.differences  wliich  may  influence  us  in  the  preference  given  to 
each  variety, 

M.  Parmentier,  who  is  not  prevented  by  his  great  age  frcm 
devoting  himself  \\ith  the  same  ardour  to  every  thing  that  affects 
tlie  proj:nerity  of  agriculture,  has  given  a  sketch  of  the  results 
obtaineci  in  the  manufacture  of  syrups  and  conserves  of  grapes, 
from  the  time  when  his  treatise  on  the  subject  drew  to  it  the 
attention  of  agriculturists,  and  he  shows  all  the  advantages  that 
may  l>e  derived  from  this  method,  now  that  he  has  brought  it  to 
perfection  by  experience. 

The  same  author  has  published  a  new  edition  of  his  Treatise 
on  the  Culture  of  Maize,  which  received  the  prize  in  1784  from 
the  Academy  of  Bourdeaux,  and  which  has  been  of  essential 
service  to  the  southern  departments  of  France. 

1  he  nrt  of  rotation  of  crops  consists  in  making  it  produce,  by 
the  successi')n  of  vegetables  committed  to  it,  and  by  the  labour 
which  the  cultivation  of  them  requires,  every  thing  that  it  is 
capable  of  producing  without  ever  injuring  it.  For  some  years 
it  has  been  the  principal  o])ject  of  research  with_ those  whp  em- 
ployed themselves  in  promoting  agriculture. 

M.  Yvart,  correspondent,  who  has  undertaken  a  great  work 
on  the  subject,  has  this  year  submitted  to  the  Class  ^/z  Hist&rital 
Notice  on  the  Origin  oj  Rotation  of  Crops  (assolcmeri)^  followed 
ly  an  Explanation  of  the  principal  Motives  and  Means  adopted 
io  extend  it  in  the  French  Empire.  This  notice  seems  intended 
as  an  introduction  to  his  great  work.  The  researches  of  tfte 
author  have  shown  him  that  the  triennial  rotation  so  coipmon  in 
Europe  at  present  is  a  modern  invention.  This  rotation,  which 
consecrates  the  third  year  to  the  repose  of  the  soil,  has  been 
introduced  by  laziness  and  poverty,  and  perpetuated  by  custom 
and  ignorance.  In  the  historical  notice  of  Yvart,  vsq  see  that  all 
good  farmers,  both  ancient  and  modern,  of  every  country,  have 
ascertained  that  the  tme  repose  of  the  soil  consists  in  varying 
productions.     Virgil  has  consecrated  this  precept: —    .  • 

**  Sic  quo^ue  mtttatii  Te(^\k\e&cvkat  foetibus  arva."— Gbokc.  Ijb.  I^ 
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But  it  was  destined  for  the  writers  of  Our  days  to  etplain  land 
support,  by  numerous  examples,  the  advantage  of  proper  rota- 
tions.    M.  Yvart,  one  of  those  who  has  paid  most  attention  to 
the  subject,  haSs  the  merit  of  drawing  all  his  from  the  soil  of 
France  itself.     His  instances  are  very  numerous.     He  h&s  given 
them  for  all  climates,  for  ail  e&posures,  for  all  varieties  of  soil. 
iHe  has  shown  that  we  may  every  where  suppress  the  fallows,  and 
introduce  in  their  place  a  rotation  of  crops  much  more  prbduo- 
;^ve,  and  capable  of  retaining  all  the  fertility  of  the  soil. 
. .   M.  Hassenfratz,  divisionary  inspec^r  of  mines,  charged  by 
government  to  publish  a  treatise  on  metalluFgy,  has  submitted 
^tp  the  Class  the  first  part  of  it,  entirely  devoted  to  the  extraction 
rof  iron  from  its  ores,  on  account  of  the  importance  of  this  metal 
for  the  arts,  and  the  numerous  works  required  by  the  different 
modifications  of  which  it  is  susceptible.     It  has  been  found  that 
the  facts  contained  in  this  work  are  arranged  in  a  natural  order; 
'  that  all  the  processes  are  explained  with  clearness ;  and  that  it 
may  be  considered  as  a  general  collection  of  every  thing  known 
.resp**ciing  iron,   either  from  books,    from  workmen,  or  iroii- 
•  masters.    This  first  part  has  been  recently  published. 


Article  XIV. 
scjENTiFic  intelligence;  and  notices  op  subjects 

CONNECTED  WITH  SCI£I>^CE. 

I.   Ulmin, 

Notwithstanding  the  various  observations  and  experimenti 
which  I  have  had  an  opportunity  of  making  on  ulmin,  it  is  only 
lately  that  1  have  been  so  fortunate  as  to  meet  with  it  in  a  state 

,^of  purity,  so  as  to  be  able  to  ascertain  its  real  properties,  and  to 
assign  it  a  true  place  among  vegetable  substances. 

1  received  some  time  ago  from  Dr.  Leach  a  specimen  of  a 

«^. black  matter  which  he  had  collected  on  an  oak  in  the  neigh- 
bourhood of  Plymouth.  It  turned  out,  on  examination,  to  be 
ulmin  quite  free  fiom  potash,  a  substance  which  had  constituted 
a  part  of  all  the  specimens  formerly  examined  either  by  Mr. 
Smithson  or  myself. 

It  was  in  small  lumps,  mostly  attached  to  each  other  by 
vegetable  fibres.  Its  colour  was  a  very  dark  brown,  almost 
black  It  had  little  or  no  taste.  It  was  considerably  firmer  than 
the  ulmin  mixed  with  potash,  and  of  a  greater  specific  gravity, 
I  found  its  properties  as  follows  : — 

1.  Nearly  tasteless. 

2.  Dissolves  very  slowly,  and  in  small  quantity,  both  in  water 
apd  alcohol.    The  solution  is  pale  brown,  and  tastdess. 
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3.  The  aqueous  solution  is  not  precipitated  by  sulphate  of 
iron,  sulphate  of  copper,  sulphate  of  zinc,,  or  nitrate  of  silver. 

4.  Nitrate  of  mercury,  and  superacetate  of  lead,  occasion 
'brown  flocky  precipitates ;  but  both  of  these  salts  were  precipi- 
tated white  by  distilled  water. 

5.  The  acids  occa^sion  no  precipitation  in  the  aqueous  solution. 

6.  The  alcohol  solution  was  precipitated  dark  brown  by  sul- 
phate of  iron  and  sulphate  of  copper. 

7.  When  a  weak  solution  of  carbonate  of  pptash  is  poured 
upon  this  ulmin,  a  darkrbrown  solution  is  Iminediately  effected, 
which  possesses  all  the  properties  formerly  described  in  my  .paper 
on  ulmin,  in  the  first  Number  of  the  Annals  of  Philosophy. 

1  burned  five  grains  of  this  ulmin  in  a  platinum  crucible.  A 
white  ash  remained,  weighing  0*27  grain.  It  contained  no  per- 
ceptible portion  of  alkali,  but  dissolved  with  effervescence  in 
nitric  acid,  and  was  wholly  carbonate  of  lime. 

The  most  striking  property  of  ulmin  is  its  affinity  for  car- 
bonate of  potash.  It  is  by  means  of  carbonate  of  potash  that  it 
is  usually  so  soluble  in  water.  The  acids  throw  it  down,  merely 
by  depriving  it  of  its  potash.  The  metalline  salts'  throw  it  down 
,  from  Its  alkaline  solution  by  a  double  decomposition. 

II.  Vtmin  from  the  Horse-Chesnut. 

Mr.  Sowerby  was  so  obliging  as  to  send  me  a  specimen  of  a 
black  matter  which  he  collected  from  a  horse-chesnut  [/Esculus 
hippocampus)  growing  in  a  garden  in  Southgate.  In  appearance 
and  taste  it  fesembled  formed  specimens  of  ulmin  very  closely  j 
but  it  was  so  much  inixed  with  portions  of  the  bark  of  the  tree, 
that  I  could  hardly  obtain  any  quantity  in  a  state  of  perfect 
purity.  Ten  grains  of  it  (not  free  from  bark)  being  burnt  in  a 
platinum  crucible,  left  1"44  grain  of  a  white  asTi.  Tnis  consisted 
chiefly  of  carbonate  of  potash  mixed  with  a  little  carbonate  of 
Jime,  and  with  a  portion  of  silica,  which  I  could  not  weigh,  but 
estimated  at  about  004  grain.  It  was  dissolved  in  nitric  aciU, 
and  shot  into  small  crystals  of  saltpetre.  It  appears^  then,  that 
^his  ulmin  contains  less  potash  than  the*  ulniin  irom  the  elm. 

Five  grains  of  it  being  treated  with  water,  formed  a  dark 
brown  solution,  and  left  behind  a  portion  of  black  looking 
matter,  which  I  found  to  be  bark.  This  solution  was  not  preci- 
pitated by  acids,  nor  by  sulphate  of  zinc,  nor  muriate  of  tin. 
{Sulphate  of  iron  threw  down  a  grey  ^precipitate ;  sulphate  of 
copper,  a  green  ;  nitrate  of  silver,  a  white ;  and  acetate  of  lead, 
^  yellow. 

These  differences  from  the  ulmin  of  the  elm  seem  to  depend 
upon  the  smaller  quantity  of  potash  present,  which  prevents  watct 
from  dissolving  so  great  a  quantity  as  to  be  precipitated  by  acids. 

III.  Fall  of  Stones  from  the  j^lmosphere,  near  Chester, 
I  received  some  weeiks  -ago  u  \tx\&t  feoox  CV^&tftr^  dated  tkc 
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15th  of  Sfeptefmber,  containing  the  following  information^  which 
the  writer  says  was  first  communicated  to  the  public  in  a  provin* 
cial  newspaper.  He  does  not  give  the  date  ;  but  merely  quotes 
the  following  passage  from  the  newspaper,  in  the  words  of  th© 
anonymous  writer  of  that  article.  **  Last  week,  having  occasion 
to  go  to  Malpas  (a  village  15  miles  from  Chester),  1  witnessed  a 
Tery  singular  phenomenon."  About  one  o'clock  in  the  day,  from 
the  great  heat  and  the  calmness  of  the  air„  I  apprehended  a 
thunder-storm^  and  supposed  my  apprehensions  were  going  to 
ke  realised,  when  I  beheld  a  bright  cloud,  out  of  which  fell  some 
large  stones,  which  were  soft  and  intensely  hot  at  first,  hut  after- 
wards acquired  considerable  hardness." 

I  am  not  aware  that  any  of  the  stones  in  question  liave  been 
brought  to  London.  These  phenomena  have  been  of  rare  occur- 
rence in  Great  Britain  of  late ;  but  five  or  six  examples  of  siqai^ 
lar  falls  on  the  Continent,  during  the  years  181,1  and  1812,  have 
been  recorded,  and  the  stones  subjected  "to  chemical  analysis. 
As  some  of  the  results  of  analysis  are  curious^  I  have  been 
intending  to  lay  them  before  the  readers  of  iWJinnals  of  Phi* 
losopfiT/y  but  have  hitherto  been  prevented  by  want  of  room. 

IV.  Swedish  Agriculture. 

I  take  this  opportmiity  of  correcting  a  very  important  mistake 
which  occurs  in  my  Travels  in  Swederiy  relative  to  the  quantity 
of  grain  produced  annually  in  the  kingdom.  In  page  426  of 
that  work  I  have  given  an  official  table  exhibiting  the  quantity  of 
ground  in  tillage,  ajcul  the  annual  produce  in  spanns ;  and  I  say^ 
below  the  table,  that  the  Swedish  sparm,  coptaii^^  Qfi  kanns,  or  4^ 
English  wine  pints.  This  statement  I  took  from  a  Swedish 
dictionary,  published  at  Stockholm  in  I8O7. 

But  I  have  received  a  letter  from  a  Swedish  gentleman  in 
London,  stating  the  following  to  be  the  real  amount  of  the 
Swedish  measures,  from  his  own  personal  knowledge,  iiHbich  I 
have  no  reason  to  call  in  question. 

1.  The  Swedish  tunn  consists  of  two  spanns  heaped  as  much 
as  can  be  laid  on  the  top,  and  is  the  only  lawful  measure  of  the 
country.    It  amounts  to 

French  cubic  English  cubic 

inches.  inches. 

8310 9438-8 

The  Swedish  kann  is 132 149-5 

Now  a  Winchester  bushel  is  2150-42  cubic  Inches :  therefore 
the  Swedish  tunn,  according  to  the  preceding  statement,  is 
4-3893  Winchester  bushels,  and  the  Swedish  spann  is  2*19465 
Winchester  bushels ;  so  that  these  measures  are  above  40  fold 
greater  than  I  made  them.  This  removes  the  extraordinary  bar- 
renness, which  appeared  so  very  striking  according  to  my 
original  estimate;   so  that  the  tuuttlatvd  ^V^  ^q,\^  '^\^^^^'^ 
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annually  rather  more  than  eight  Winchester  bushels  of  corn.  I 
thought  it  right  to  make  this  error  known  as  soon  as  possihle,  to 
prevent  any  erroneous  inferences  from  being  drawn  from  the 
table  in  question, 

V.  Sulphate  of  Soda. 

Want  of  room  obliges  me  to  defer  for  the  present  the  con- 
tinuation of  the  table  of  the  constitution  of  the  salts  :  but  I 
think  it  necessary  to  point  out  a  mistake  in  that  part  of  the  table 
which  was  inserted  in  the  last  Number  of  the  Annals  of  Philo» 
sophy.  Sulphate  of  soda  (p.  294)  is  said  to  be  composed  of  1 
integrant  particle  of  sulphuric  acid  +  2  integrant  particles  of 
5oda.  From  the  note  it  will  easily  be  seen  that  the  reverse  is  the 
case.  It  is  composed  of  2  s.  a.  -|-  1  soda,  and  its  weight,  of 
course,  is  10*7882.  Hence  the  remarks  made  upon  it  in  page 
300,  as  an  exception  to  Berzelius's  rule,  are  erroneous.  I  have 
not  yet  met  with  any  exception  to  his  rule,  except  among  the '. 
nitrates.  These  exceptions  he  admits,  and  endeavours  to  obviate 
by  the  ingenious  theory  published  in  this  and  the  preceding 
Number  of  the  Annals  of  Philosophy. 

VI,  Electrical  Oxides. 

The  beautiful  figures  produced  on  paper  by  the  oxidation  of 
various  metals  with  an  electrical  battery,  cannot  be  effectually 
represented  by  engravings.  Mr.  Singer  proposes  to  illustrate  a 
few  copies  of  his  Elements  of  Electricity  (now  in  the  Press) 
with  some  real  oxides,  produced  by  his  powerful  apparatus. 
Those  who  desire  such  copies  may  secure  them  by  an  early 
transmission  of  their  names  to  Mr.  Singer. 

VII.  .Practical  Chemistry. 

Dr.  Thomson  proposes  next  winter  to  give  a  Practical  Course 
of  Chemistry  to  a  very  limited  number  of  young  Gentlemen, 
who  will  reside  in  his  house  during  its  continuance.  Tlie  Course 
will  begin  on  the  1st  of  January,  1814. 


Article   XV. 

* 

Scientific  Books  in  hand^  tyr  in  the  Press. 
Mr.  Kerrison  is  preparing  for  the  Press  An  Inquiry  into  the 
Establishtnent  and  Progress  of  the  Medical  Profession  in  England, 
as  it  regards  the  Physician,  Surgeon,  Apothecary,  General  Practi- 
tioner, and  Chemist  and  Druggist ;  with  a  Compendious  Analysis 
of  all  the  Charters  granted  to  Physicians,  Surgeons,  and  Apotheca- 
ries, tending  to  illustrate  the  Merits  of  the  Bill  about  to  be  sub- 
mitted to  Parliament  by  the  Associated  Surgeon-Apothecaries  of 
England  and  Wales. 

Mr.  W.  Henley  is  about  to  publish  a  Series  of  Chemical  Tables, 
intended  to  exhibit  the  Properties  of  all  the  present  known  Bodies, 
the  Jlesalt  of  their  l3i^^o«i  ^c.\  totoxYw^  «l  Comi^lete  Abstract  of 
the  Science  of  Cl^mi&iTy. 
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Article  XVI. 
METEOROLOGICAL  JOURNAL. 


The  observatlans  in  each  line  of  the  tabic  ap|ily  to  a  period  of  twi 
hauD,  beeinoing  nl  9  A.  U.  on  the  da;  indlraicd  \o  Ihc  liisi  rolinnn. 
4eaott»,  liul  Ibe  rcsiiU  i»  indnded  io  Ibe  next  fullottinif  ubiervatiun. 
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REMARKS. 

Ninth  Month, — 19,  20«  Breezes  by  day:  much  dew.  21. 
Cloudy  quite  to  sud^S^t :  a  few  drops  of  rain.  22.  A  breeze, 
a.m.  brmging  cloik^ :  p.  m.  a  sudden  shower:  rain  in  the 
night.  23.  Windy :  showers.  24.  Much  wind.  25.  Windy: 
cloudy.  26.  Overcast  a.  m. :  clear  p.  m. :  a  luminous  twilight, 
with  Cirrus  and  Cirrocumuliis.  27-  Morning  twilight  somewhat 
coloured :  forenoon,  overcast :  clear,  p.  m. :  and  at  sunset,  fas- 
cicular Cirri^  arranged  from  W.  to  E. :  the  wind  being  E.  an(J 
nearly  calm.    After  .these  appearances,  lidbtnin^  far  to  the 

5.  E.  and  S.  W.  28.  Cloudy,  with  a  few  drops.  30.  A  pink 
twilight,  with  dense,  coloured  Cirri.  For  three  days  past,  2^ 
steady  N.  E.  breeze,,  with  pretty  much  sunshine. 

Tenth  Month.-^l.  Overcast,  a.m.:  wind  N.  After  sunset^ 
Cirrocumulus  passing  to  Cirrostratusy  a  corona  round  the  moon, 
and  a  small  meteor,  which  weiit  W.  2.  Overcast  most  of  the 
day :  a  few  diops,  p.  m.  3.  Cirrus j  with  Cwnrnlosiratm ;  twir 
light  opaque,  orange  coloured.  The  roads  have  become  of  late 
excessively  dry,  and  the  dust  raised  from  them  floats  in  great 
quantity  in  the  air.  4.  Early  this  morning  begao  a  steady  rain^ 
which  continued  till  after  sun-set.     5.  Fine  d^y :  lunar  halo. 

6.  Cloudy.  7-  A  considerable  storm  of  thunder  and  lightning 
early  this  morning,  followed  by  much  rain.  8.  Fair,  a.  m. : 
wet,  p.m.  9.  Fin«  day.  10.  Wet,  with  a  fair  interval.  11. 
W^et,  a.  m.:  fair,  p.  m.  12.  The  reverse  of  yesterday,  14.  Fair. 
15.  Very  wet, 

RESULTS. 
Prevailing  Winds,  Easterly,  and  drying,  to  the  first  quarter  of 
the  moon ;   soon  after  which  they  became  Westerly,  and 
brought  much  rain. 

Barometer :  greatest  observed  elevation .  .30*22  inches; 

Least    28-93  inches; 

Mean  of  the  period , .  .29^7^2  inches. 

Thermometer :  greatest  height , .  .72^ 

Least     ,....,.33° 

Mean  of  the  period . . .  .55*23® 
Evaporation,  1*19  inches.     Rain,  3*95  inches. 

The  rain  of  the  4th  inst.  having  put  a  conclusion  to  a  fine  season  of  some 
tveeks*  continuance,  I  availed  myself  of  the  opportunity  of  a  journey  madf 
immediately  after  it,  to  ascertain,  as  far  as  I  could,  its  extent.  \  found  that 
it  bad  rained  from  morning  to  nigbt  on  thai  day  all  the  way  between  Londofi 
and  York,  also  (by  information  from  other  travellers) 'as  far  north  as  the. 
Tyne,  and  over  the  narrow  part  of  the  isiland,  from  Cheshire  to  NorthombeP* 
land.  It  having  been  likewise  a  very  wet  day  on  the  south  coast,  1  conclude 
that  probably  the  whole  of  England  was,  on  this  occasion,  irrigated  at  once 
from  an  Atlantic  current,  which  during  the  prevalence  of  the  easterly  breeze 
just  bef»re,  had  taken  possession  of  the  higher  atmosphere,  and  which  on  that 
day  arrived,  in  its  ])rogress  of  subsidence,  near  enough  to  the  earth  to  part 
with  Ub  electricity,  and  dWplace  the  lower  stream  of  air. 

.To77£19HAM,  Ttnth  Mofith,  5i3,  \S\^,  \a»  ^QW&RD. 
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Biographical  Account  of  Sir  Isaac  Newton* 

(Concluded  from  p,  328.) 

IN  the  year  1704,  the  Treatise  of  Quadratures^  by  Newton, 
was  published.  This  treatise  had  been  written  long  before, 
many  things  being  cited  out  of  it  in  Newton's  letters  of  Oct.  24, 
and  Nov.  8,  1676.  It  related  to  the  method  of  Auctions ;  and 
that  it  might  not  be  taken  for  a  new  piece,  Newton  repeated 
what  Dr.  Wallis  had  published  nine  years  before  without  being 
contradicted,  namely,  that  this  method  was  invented  by  degrees 
in  the  years  1665  and  1666.  But  the  editors  of  the  Acta  Lip- 
sicOy  in  their  review  of  this  book,  (and  the  author  of  the  review 
was  conceived  to  have  been  Leibnitz  himselQ  represented 
Leibnitz  as  the  first  inventor  of  the  method,  and  said  that 
Newton  had  substituted  Auctions  for  difierences,  just  as  Fabri, 
in  his  GeomeiricB  Synopsis^  had  substituted  movement  for  the 
indivisibles  of  Cavalleri.  This  accusation  gave  a  beginning  to 
the  controversy.  For  Dr.  Keill,  in  an  epistle  published  in  the 
Philosophical  Transactions  for  September  and  October  17^8, 
retorted  the  accusation,  asserting  that  '^  alt  these  things  follow 
from  the  now  so  much  celebrated  method  of  Auctions,  of  which  ^ 
our  Newton  was  doubtless  the  first  inventor,  as  will  be  evident 
to  any  one  who  shall  read  his  letters  published  by  Dr.  Wallis. 
Yet  afterwards  the  same  method  was  published  by  Mr.  Leibnitz 
in  the  Acta  Eruditorum ;  only  changing  the  name  and  manner 

Vol.  II.  N*>  VI.  2  C 
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of  notation.***  Leibnitz,  understanding  this  passage  as  a  direct 
charge  of  plagiarism,  complained  of  it  as  a  calumny  in  a  letter 
to  Sir  Hans  Sloane,  the  Secretary,  dated  March  4,  1711,  and 
moved  that  the  Royal  Society  would  cause  Dr.  Keili  to  itiake  a 
public  recantation.  Dr.  Keill  chose  rather  to  explain  and  defend 
what  he  had  written  ;  and  though  Newton  was  at  first  offended 
at  his  original  paragraph,  being  apprehensive  that  it  might 
occasion  a  controversy,  yet  when  he  was  shown  the  accusation  in 
the  Ada  Lipsica,  he  gave  Keill  liberty  to  maintain  the  opinions 
which  he  had  advanced.  Keill  wrote  a  long  letter  to  Sir  Hans 
Sloane,  in  which  he  endeavours  to  demonstrate  not  only  that 
Newton  was  the  original  discoverer,  but  that  he  had  given 
Leibnitz  so  many  hints  of  his  method,  that  even  a  man  of  very 
ordinary  abilities  could  hardly  fail  to  make  it  out.  This  letter 
was  sent  to  Leibnitz,  who  demanded  that  the  Royal  Society 
would  put  a  stop  to  the  accusations  of  a  man  too  young  to  know 
what  had  passed  between  Newton  and  himself.  Instead  of 
making  good  his  own  accusation,  as  he  ought  to  have  done,  that 
it  might  not  be  deemed  a  calumny,  he  insisted  only  on  his  own 
candour,  and  refused  to  tell  how  he  came  by  his  method.  He 
said  that  the  Acta  Lipsica  had  given  every  man  his  due ;  that 
he  had  concealed  the  invention  above  nine  years,  that  nobody 
might  pretend  to  have  been  before  him  in  it.  He  called  Dr. 
Keill  a  novice  who  desen^ed  to  be  silenced,  and  desired  that 
Newton  himself  would  give  his  opinion  in  the  matter*  Dr. 
Keill,  in  fact,  had  only  repeated  what  Dr.  Wallis  had  published 
13  years  before,  and  Newton  had  already  given  his  ojiinioD  on 
the  matter  before  the  dispute  began ;  and  this  opinion  in  all 
probability  was  the  cause  of  the  controversy,  by  giving  origin  to 
the  severe  and  unjust  treatment  which  the  book  had  received  iH 
the  Acta  Lipsica. 

Tlie  Royal  Society  being  tlius  twice  pressed  by  Mr.  Leibnitz, 
and  seeing  no  reason  to  condemn  or  censure  Dr.  Keill  without 
inquiring  into  the  matter  ;  and  that  neither  Newton  nor  Leib- 
nitz (the  only  persons  alive  who  knew  and  remembered  any  thing 
that  had  passed  respecting  these  matters  40  years  before)  could 
be  witnesses  for  or  against  Dr.  Keill,  appointed  a  committee, 
consisting  of  Dr.  Arbuthnot,  Mr.  Hill,  Dr.  Halley,  Mr.  Jones, 
Mr.  Machin,  and  Mr.  Burnet,  to  search  old  letters  and  papers, 
and  report  their  opinion  on  what  they  might  find^  and  ordef«d 
the  letters  and  papers,  with  the  report  of  their  committee,  to  be 
published.  Thb  publication  Was  the  famous  Commercium  Epis* 
tolicum,  containing  the  letters  of  Oldqpburg,  Collins,  Leibnits^ 

♦  l^il.  Trans.  1708,  vol.  x:?vi.  p.  174.  The  passage  occiiri  in  a  Latia 
|Ni^er,  ty  Dr.  Keill,  on  The  Laws  of  Centripetal  Force, 
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Gregory,  and  Newton.  The  committee  reported,  that  it  ap- 
peared to  them  that  Newton  had  the  method  in  or  before  the 
^ear  1669,  and  it  did  not  appear  to  them  that  Mr.  Leibnitz  had 
It  before  the  year  1677^  ^  y^^i*  t^fter  the  communication  of  a 
letter  from  Newton  to  Leibnitz,  in  which  the  method  of  Auctions 
was  sufficiently  described  for  every  intelligent  person.  They 
add,  that  the  differential  method  of  Leibnitz  was  the  same  as  the 
fluctionary  calculus  of  Newton,  the  notation  excepted  ;  that  they 
regard  Newton  as  the  first  inve&tor  of  that  method,  and  that 
Dr.  Keiil  in  saying  so  has  done,  in  their  opinion,  no  injury  to 
Leibnitz.  * 

The  dispute  did  not  and  could  not  well  terminate  here. 
Leibnitz  complained  bitterly  of  the  Comm^cium  Episiolicumj 
and  threatened  to  publish  a  reply  that  would  confound  his  anta- 
gonists. But  he  was  wise  enough  not  to  attempt  it.  Indeed,  it 
would  have  been  a  hopeless  and  impossible  task  to  have  at- 
tempted to  overturn  the  evidence,  contained  in  the  Commercium 
Epistolicum,  of  the  priority  of  Newton  as  the  inventor  of  Auc- 
tions. Several  anonymous  p£f>ers  were  published,  either  by 
Leibnitz  or  his  friends,  in  which  Newton  was  rather  attacked 
than  Leibnitz  defended.  Bernoulli  even  attempted  to  prove  that 
Newton  did  not  understand  the  differential  method,  as  far  as  the 
higher  orders  of  Auctions  are  concerned.  At  last  Leibnitz, 
associating  himself  with  his  friends,  the  Bernoullis,  had  recourse 
to  a  method  which,  he  conceived,  would  demonstrate  his  supe- 
riority over  the  British  mathematicians,  and  thus  give  his  claim 
of  originality  a  greater  chance  of  obtaining  credit.  This  was  to 
propose  difficult  problems  to  embarrass  his  adversaries.  Newton 
had  formerly  solved  two  celebrated  problems  proposed  by  John 
Bernoulli  in  the  year  16979  and  an  anonymous  solution  was 
published  that  year  in  the  Philosophical  Transactions.  He 
received  the  first  problem,  proposed  by  the  triumvirate,  to  con- 
found the  British  mathematicians,  after  he  had  undergone  a 
good  deal  of  fatigue  in  the  Mint,  and  yet  he  solved  it  betbre  he 
went  to  bed. 

During  the  course  of  this  dispute  the  extreme  partiality  which 
united  Bernoulli  to  Leibnitz  induced  him  to  treat  Newton  with 
an  unbecoming  severity,  and  even  injustice*  He  published,  in 
the  j4cta  Lipsica^  under  a  disguised  name,  a  most  violent  attack 
upon  Keill,  in  which  he  endeavours  to  prove  that  Newton  did 
not  understand  the  rules  of  second  dif&renciation.  His  opinion 
was  founded  upon  a  passage  in  the  Treatise  on  the  Quadrature  of 
Curves^  in  which  Newton,  from  inadvertence,  had  represented 
the  different  orders  of  Auctions  by  the  terms  of  his  binomial 

*  The  best  edition  of  the  Commerdvm  EpistoKcum  is  the  octaTO  of  1723, 
Yhich  contains  seyeral  artidea  not  to  be  found  in  the  ori|[inai  (quarto  edltloa^ 
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theorem.  On  the  other  hand,  Keill  went  too  far  when  he  at- 
tempted to  show  that  Nc*vtoa  had  committed  no  inadvertence 
whatever.  The  dispute  at  last  was  silenced,  if  not  terminated, 
by  the  death  of  Leibnitz  in  17I6. 

Now  that  the  violence  whicli  actuated  both  parties  in  thb 
Itieinorable  dispute  has  subsided,  and  that  all  party  feeling  is,  in 
some  measure,  at  an  end,  we  may  be  allowed  to  judge  of  the 
rnerits  of  both  parties  from  the  documents  that  remain.  Perhaps 
the  safest  way  is  to  reject  the  arguments  brought  forward  both  by 
the  British  and  German  writers  of  the  times,  considering  them 
as  parties.     But  there  are  several  French  writers  who  haye  given 
their  opinions  on  the  subject,  and  who  may  be  considered  as 
more  impartial.     The  principal  of  these  are  Fontenelle,  Buffon, 
Bossut,  and  Montucla.     Fontenelle  is  very  unsatisfactory.    Ije 
lived  too  near  the  time  of  the  dispute,  and  had,  in  some  ineasure, 
committed  himself  beforehand  in  his  ^Eloge  on  the  Marquis  de 
THospital.     BufFon  adopts  the  side  of  (he  English  mathemati- 
cians,  and  seems  to  have  taken  their  assertions  for  granted 
without  ever  having  examined  the  documents.     Bossut  adopts 
the  side  of  Leibnitz  ;  but  it  is  equally  evident  that  he  has  never 
examined  the  documents,  but  trusted  to  the  assertions  of  the 
-  BernouUis,  and  the  other  coadjutors  of  Leibnitz,  with,  whose 
works  he  is  obviously  much  better  acquainted  than  with  the  Com- 
mercium  Epistoliaimy  and  the^  writings  of  Newton.   His  History 
of  Mathematics  is  written  with  much  elegance,  and  does  credit 
to  his  taste  and  talents ;  but  from  several  particulars  which  it 
contains  we  may  infer  that  it  was  written  when  he  was  a  very 
young  man,'  and  tfiat  he  gives  many  of  the  facts  which  his  book 
cor>tains  only  at  second  hand.     Montucla  gives  the  most  parti- 
cular and  the  most  impartial  account  of  the  dispute  of  any  writer 
that  we  have  seen  ;  but  even  he  does  not  appear  to  have  perused 
all  the  documents,  at  least  if  we  may  be  allowed  to  give  that 
name  to  a  very  elaborate  paper  which  appeared  in  the  Fhitoso- 
pliical  Transactions^    giving   an   account  of  the  Commei'dttfin 
Epl^tolicum.  and  of  the  dispute  between  Leibnitz  and  KeilK 
Tradition  ascribes  this  composition  to.Newton,  and  there  is  every 
reason,   from   internal   evidence,    to  believe  that   he  was   the 
author.*     Now  this  paper  brings  fbrwai'd  several  striking  in- 
stances of  Leibnitz  Imving  attempted  to  palm  Newton's^  inven- 
tions, received  in  Newton's  own  writing,  upon  Newton  himself 
as  his  own,  and  of  his  having  desisted  from  his  claim  when  the 
trick  was  pointed  out  to  him.    It  shows  also  that  Leibnitz  had 
formerly,    during  the  life  of  Dr.  Wallis,    acknowledged  that 
Newton  was  the  original  inventor  of  the  calculus,  and  that  he 
had  retracted  this  admission  after  the  death  of  Dr.  Wallis,    Ixi 

*  Phil^Traw.  \U4,  no\,  xtix.  ^.  ITS. 
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shorty  this  paper  contains  so  many  important  facts,  and  such 
accurate  reasoning,  that  it  ought  to  be  perused  by  every  person 
who  wishes  to  form  an  accurate  opinion  on  the  dispute.  We 
think  that  the  following  conclusions  may  be  drawn  with  almost 
perfect  certainty.  . 

K  The  method  of  Auction^,  and  the  diiFerential  calculus,  arc 
absolutely  the  same  in  principle,  and  differ  only  in  the  notation. 
The  reasoning  of  Newton  is  rigidly  accurate ;  but  that  of  Leib* 
liitz  loose  and  unsatisfactory.  The  Leibnitzian  notation  is  con- 
ceived to  have  an  advantage  over  the  Newtonian  :  this  advan* 
tage,  as  far  as  it  is  real,  applies  only  to  the  mode  of  expressing 
the  higher  orders  of  Auctions ;  and  this  mode  might  be  intro- 
duced, with  facility,  into  the  Newtonian  notation.  But  it  must 
be  admitted,  that  the  notation  introduced  by  Leibnitz  into  the 
integral  calculus  has  advantages,  and,  accordingly,  it  has  been 
universally  adopted  by  British  writers;  which  i^  not  the  case  with  - 
his  mode  of  expressing^the  higher  ordersof  Auctions. 

2.  Newton  was  in  possession  of  his  method  of  Auctions  many 
years  before  I^eibnitz  thought  of  his  differential  calculus,  or 
indeed  before  Leibnitz  had  made  any  great  progress*  in  mathe-^ 
m^ics.  This  is  so  obvious  frpnl  the  Commercium  Epistolicumj 
tliat  we  believe  no  one  will  think  of  calling  it  ip  question. 

3.  Newton  more  than  once  announced  to  Leibnitz  that  he  was 
in  possession  of  the  Auctionary  calculus,  and  points  out  its 
advantages  with  peculiar  emphasis;  but  in  none  of  his  letters 
does  he  explain  the  nature  of  this  calculus.  There  is  an.  explana- 
tion of  it,  however,  in  Newton's  Analysis  per  Eqvaiiones 
Numero  Terminorum  Infbnias ;  which  was  sent  up  to  London 
by  Dr.  Barrow,  in  manuscript.  There  can  be  no  doubt  that 
Leibnitz  saw  this  paper  long  before  he  wrote  any  thing  respecting 
the  differential  calculus.  The  notice,  we  allow,  is  very  brief; 
but  it  is  much  more  than  tlie  information  given  to  James  Gre- 
gory, who,  notwithstanding,  succeeded  in  discovering  Newton's 
method. 

'  4.  Newton  himself  admitted,  in  his  PrincipiOf  that  Leibnitz 
had  invented  his  differential  calculus  whhout  receiving  any  infor- 
mation. This  passage,  which  is  of  great  importance  to  the 
subject  in  hand,  is  as  ifollows : — 

"  In  literas  quae  mihi  cum  geometra  peritissimo  G.  G,  Leib* 
,nitio,  annis  abhinc  decem  intercedebant,  cum  significarem  me 
compotem  esse  methodi  determinaudi  maximas  et  miiMnias, 
ducendi  tangentes,  et  similia  peragendi,  quae  in  terminis  surdis 
seque  ac  in  rationalibus  prpcederenty  et  Uteris  transpositis  banc 
sententiam  involventibus  {data  ceqiiatione  ijuoicuiKjue  Jiuenlcs 
quantitates  involvente^  fluxiones  iiiuenire,  et  vice  "versa)  eandem 
pelarem :  rescripsit  vir  clarissimus  se  quoque  in  ejusmodi  me- 
thodum  incidisse)  et  methodum  suum  comtuuc\lc&.vvL^vci&^x\¥. 
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ftbludentem  praeterquam  in  verborum  et  notarum  fonnulis,  et 
idea  generationis  quantitatum  utriusque  fundamentum  contine'* 
tur  in  hoc  lemmate."  * 

This  passage  appeared  in  the  first  edition  of  the  Princtph^ 
published  in  1686 ;  i^  was  continued  in  tte  second  edition,  pub- 
lished in  1713,  while  the  quarrel  between  Keill  and  Leibnitz 
was  at  the  hottest,  f  but  it  is  not  to  be  found  in  the  edition  of 
1722.  From  this  passage,  there  is  complete  evidence  that 
Newton  admitted  Leibnitz  to  have  discovered  the  differential 
calculus ;  which  he  never  would  have  done,  if  he  had  furnished 
him  with  a  sufBcient  explanation  of  his  own  method  to  enable 
him  to  understand  it. 

6.  Newton,  then,  was  the  original  inventor;  Leibnitz  knew 
that  he  was  in  possession  of  some  unknown  method ;  this  seems 
to  have  stimulated  his  invention.  His  differential  calculus  seems 
to  be  founded  on  the  method  of  tangents  of  Barrow,  from  which 
k  differs  only  in  the  notation.  But  it  was  the  generalization  of 
that  method  which  constituted  the  chief  meiit  of  Leibnitz.  Had 
Newton  published  his  Treatise  on  Fltictioiis  when  it  was  origi- 
nally written,  he  would  have  had  no  competitor  nor  coadjutor, 
and  Leibnitz's  mathematical  reputation  would  probably  never 
have  risen  beyond  mediocrity.  All  concealment  in  matters  of 
science  we  consider  as  improper,  and  Nature  usually  punishes  it 
by  putting  the  same  invention  into  the  hands  of  some  other 
person,  who  deprives  the  real  discoverer  of  a  part  of  the  reputa- 
tion which  he  would  otherwise  have  acquired.  Newton's  hesita- 
tion, indeed,  proceeded  from  an  amiable  and  praise-worthy 
motive ;  yet  it  was  a  weakness,  and,  as  such,  was  punished  by 
raising  up  a  competitor,  who  deprived  him  of  his  just  share  of 
reputation,  and  gave  him  more  trouble  and  uneasiness  than  that 
wliich  he  sought  to  avoid  by  withholding  his  publication. 

6.  It  has  been  attempted  by  some  to  compare  Leibnitz  to 
Newton,  and  to  hold  him  up  as  scarcely  inferior  to  that  illustri- 
pus  man :  but  the  comparison  is  very  unequal.  Leibnitz  cer- 
tainly was  a  very  extraordinary  man,  and  one  of  the  greatest 
geniuses  that  ever  appeared  an^ong  mankind :  the  extent  of  his 

•  Newton's  Principia,  Ub.  ii.    Scholium,  at  the  end  of  lemm^  ii,  p.  226, 
of  the  edition  of  1714. 

t  Montucla  assigns,  as  a  reason  -why  it  was  continued  in  that  edition,  that 

Cotes,  the  editor,  published  it  without  Newton*s  knowledge,  and  against  his 

-will.     JBut  there  must  be  a  mistal^e  in  this ;  for  after  the  preface  therc^  is  an 

advertisement,  by  Newton  himself,  mentioning  a  great  number  of  additions 

and  improvements,  which  he  had  made  in  that  edition.     A  proof,  not  only 

that  he  Icnew  of  the  editioii,  but  that  he  had  been  at  some  pains  in  correcting 

and  improving  it.    The  paragraph  then  was  retained,  because  Newton  did  not 

wish  to  erase  it.      It  was  doubtless  scratched  out  of  the  third  edition  at  the  . 

MUggesi'wn  of  Keill,  or  of  some  other  English  mathematician  engaged  in  th« 

dispute.    Newtou\  opinion  of  the  dU^ule  \%  ^u^clently  evident  from  his  a^7 

fooat  gf  thp  Commei'duiii  Ep'islo\icum^  \tL\.\i^VV\V«t\%^^ 
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inforaiation  was  prodigious^  his  activity  was  indefatigable,  and 
every  region  of  knowledge  wjiieh  he  traversed  received  marks  of 
his  original  and  inventive  genius.  But  he  was  far  inferior  to 
Newton,  both  as  a  philosopher  and  as  a  man.  None  of  his  pro- 
ductions will  bear  a  comparison  with  the  PrincipMy  or  the 
Opticsj  of  Sir  Isaac  Newton ;  nor  do  we  think  any  of  his  ma- 
thematical writings  equal  to  the  Universal  Ar.itlimeiic^  or  the 
Fluctions  of  Newton.  We  cannot  conclude  this  account  better 
than  by  giving  the  comparison  between  the  two  men,  drawn  up 
by  Newton  himself,  on  occasion  of  this  very  controversy. 

*^  It  must  be  allowed  that  these  two  gentlemen  diflFer  very 
hiuch  in  philosophy.  The  one  proceeds  on  the  evidence  arising 
from  experiments  and  phenomena,  and  stops  where  such  evi- 
dencfs  is  wanting ;  the  other  is  taken  up  with  hypotheses,  and 
propounds  them,  not  to  be  exaipined  by  experiments,  but  to  b^ 
believed  without  examination.  The  one,  for  want  of  experi- 
ments to  decide  the  question,  does  not  affirm  whether  the  cause 
of  gravity-  be  mechanical  or  not  mechanical :  the  other,  that  it 
is  a  perpetual  miracle,  if  it  be  not  mechanical.  The  one,  by 
way  of  mquiry,  attributes  it  to  the  power  of  the  Creator,  that  the 
least  particles  of  matter  are  hard ;  the  other,  attributes  the  hard- 
ness of  matter  to  conspiring  notions,  and  calls  it  a  perpetual 
miracle,  if  the  cause  of  this  hardness  be  other  than  mechanical. 
The  one  does  not  affirm  that  animal  motion  in  man  is  purely 
mechanical :  the  other  teaches  that  it  is  purely  mechanical^  the 
soul  or  mind  (according  to  the  hypothesis  of  a  liarmonia  praesta- 
bilita)  never  acting  on  the  body  so  as  to  alter  or  influence  its 
motions.  The  one  teaches  that  God  (the  God  in  whom  we  live, 
and  move,  and  have  our  being,)  is  omnipresent ;  but  not  a  soul 
of  the  world  :  the  other,  that  he  is  not  the  soul  of  the  world, 
but  intelligentia  supra  mundana,  an  intelligence  above  the 
bounds  of  the  world ;  whence  it  seems  to  follow,  that  he  cannot 
do  any  thing  within  the  bounds  of  the  world,  unless  by  an  incre- 
dible miracle.  The  one  teaches,  that  philosopliers  are  to  argue 
from  phenomena  and  experiments  to  the  causes  thereof,  and 
thence  to  the  causes  of  those  causes,  and  so  on  till  we  come  to 
the  first  cause  :  the  other,  that  all  the  actions  of  the  first  cause 
are  miracles,  and  all  the  laws  impressed  on  nature  by  tlie  will  of 
God  are  perpetual  miracles  and  occult  qualities,  and,  therefore, 
not  to  be  considered  in  philosophy.  But,  must  the  constant  and 
universal  laws  of  nature,  if  derived  from  the  power  of  God,  or 
the  action  of  a  cause  not  yet  known  to  us,  be  called  miracles  and 
occult  qualities,  tliat  is  to  say,  wonders  and  absurdities  ?  Must 
all  the  arguments  for  a  God,  taken  from  the  phenomena  of 
nature,  be  exploded  by  new  hard  names  ?  And  must  experi- 
mental philosophy  be  exploded  as  miraculous  and  absurd^  because 
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it  asserts  nothing  more  than  can  Wjuov<id  by  experiments,  and 
we  cannot  yet  prove  t)y  experiment|,  tfaht  all  the  phenomena  ia 
nature  can  be  solved  by  mere  macfaanical  causes  ?  Certainly 
these  things  deserve  to  be  better  considered."* 


Article  IL 

A  Graphical  Representation  of  the  daily  Rate  of  the  Barometer 
during  a  Year  in  London^  Paris,  and  Geneva,  By  J.  P. 
Pictet,  Assistant  Professor  of  Natural  Philosophy  in  Geneva.f 

The  representation  in  Plate  XIV.  was  made  out  by  the  author 
upon  a  very  small  scale  from  a  great  collection  of  observations  of 
the  rate  of  the  barometer  at  London,  Paris,  Geneva,  and  Ma- 
drid, laid  before  the  Natural  History  Society  of  Geneva.  *  It 
contains  a  complete  year  of  observations,  made  in  the  three  first 
named  cities.  The  upper  half  of  the  copper-plate  reaches  from 
the  autumnal  equinox  of  1806  to  the  vernal  equinox  of  I8O7, 
the  lower  half  extends  from  this  equinox  to  the  autumnal 
equinox  of  the  same  year.  "  We  see  here  very  evidently,"  says 
M.  Pictet,  ^^  how  much  more  the  barometer  rises  and  falls  in 
winter  than  in  summer.  '^The  complete  harmony  which  exists 
between  the  three  barometrical  curves,  and  the  very  regular 
parallelism  of  their  inflections  is  surprising,  when  we  consider 
the  great  distance  of  the  three  places  from  each  other.  J 

In  January  and  February  we  find  the  greatest,  in^  July  and 
August  the  smallest  alterations  in  the  height  of  the  barometer. 
Very  high  and  very  low  positions  correspond  in  all  the  three 
places  within  a  day.  The  figures  upon  the  plate  mark  the  day 
of  the  month  on  which  these  maxima  and  minima  were  ob- 
served. An  exception  is  observable  in  October,  1806.  The 
barometer  was  highest  in  London  on  the  24th,  at  Paris  on  the 
25th,  and  at  Geneva  on  the  26tb.  Likewise  in  January,  I8O7, 
it  was  highest  at  London  on  the  5  th,  in  Paris  on  the '6th,  and  at 

♦  Phil.  Tr»ns,  1714,  vol.  xx\x,  p.  173. 

-f  This  curioas  paper  was  published  in  the  Bibliot/.egve  Britamnique  for 
Jan.  1811.  I  have  translated  it  from  Qilberfh  Annalen  for  May,  1812.  It  ii 
evident  that  the  German  editor  has  made  considerable  alterations  in  the  ori^ 

ginal.— T. 

X  The  san^e  thing  holds  good  in  another  set  of  barometrical  carves  con- 
structed by  M.  Pictet  upon  a  much  larger  scale,  embracing  a  loager  period  of 
time,  and  including  likewise  a  curve  for  Madrid. 

When  these  curves  are  compared,  it  appears  that  all  the  principal  inflexion^ 
agree  very  nearly  with  each  other  in  time  and  amount  i  only,  the  farther  north 
u  pLice  lies,  the  sooner  does  the  cbaoge  begin  at  it. 


\ 
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Geneva  on  the  7tli.  In  November  the  barometer  stood  lowest 
in  London  on  the*3d>  in  Phris  and  Geneva  on  the  4th.  As 
these  alterations  in  the  weight  of  the  atmosphere  begin  usually 
at  London,  they  seem  to  proceed  chiefly  in  a  direction  fpom  west 
to  east ;  but  this  commencement  in  London  is  not  without  ex- 
ception. In  May,  1807,  the  barometer  was  lowest  at  Paris  oa 
the  29th,  at  London  and  Geneva  on  the  30th, 

Though  the  curves  have  a  great  resemblance  to  one  another 
upon  the  whole,  yet  there  are  some  particulars  in  which  they 
differ :  for  example,  in  London  the  barometer  sunk  without 
interruption  from  the  13th  to  the  21st  of  January,  1807  5  while 
in  Paris  and  Geneva  it  made  several  oscillations  during  the  same 
time,  which  agree  with  each  other  in  these  two  cities.  On  the 
13th  of  January,  1807,  the  barometer  sank  slowly  in  Paris  and 
Geneva ;  but  in  London  it  descended  with  such  velocity  that  ia 
48  hours  it  had  sunk  0*71  inch.  The  cause  of  this  change  in 
the  barometer  must  be  very  powerful,  yet  completely  local,  and  of 
very  short  duration,  since  the  rate  of  the  barometer  agrees  withia 
a  day  in  London,  Paris,  and  Geneva.  It  were  to  be  wished  that 
we  knew  the  state  of  the  atmosphere  at  London  on  the  day  of 
this  rapid  descent  of  the  barometer.  This  knowledge  would 
probably  throw  some  light  on  so  sudden  a  fall.  * 

I  consider  the  present  attempt  to  be  sufficient  to  show  bow 
important  it  would  be  to  keep  daily  tables  of  meteorological 
observations  on  different  parts  of  the  meridian  and  parallel  of 
Paris,  and  to  exhibit  these  observations  every  year  in  the  state  oi 
curves.     By  this  method  more  knowledge  of  the  modifications 
which  take  place  in  the  atmosphere  would  be  gained  by  a  single 
glance  of  tiie  eye  than  by  a  painful  comparison  of  voluminous 
observations.    To  save  trouble,  tables  might  be  published  so 
contrived  that  the  observer  would  have  no  more  to  do  than  to 
denote  the  daily  observation  by  a  point  upon  the  table.    At  the 
end  of  every  half  year  the  curve  may  be  directly  drawn,     A  copy 
of  such  a  graphic  delineation  might  be  sent  to  the  central  boanj^ 
which  already  exists  under  the  name  of  Board  of.  Longitude,  and 
holds  its  meetings  at  the  observatory  of  Paris.     Here  a  complete 
table  of  all  the  observations  Would  be  constructed,  and  a  copy  of 
it  sent  to  every  observer  j  from  which  he  would  see  the  fruit  of 
his  labour,  and  be  induced  to  continue  his  observations.    The 
choice  of  the  places  of  observation,  accurate  directions  for  the 
benefit  of  the  observers,  the  precision  of  the  instruments,  and 

*  In  Great  Britain  it  holds,  without  exception,  as  far  as  my  observations 
have  gone,  that  when  the  barometer  falls  suddenly  a  violent  wind  soon  follows, 
not  always  at  the  very  place  of  the  fall,  but  within  no  very  great  distance.  I 
have  no  doubt  that  the  fall  alluded  to  by  M.  Pictet  was  followed  by  a  violeBt 
*outh- wester. — T. 
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the  general  result  of  the  comparison,' are  particulars  which  oh* 
viously  belong  to  the  consideration  of  the  learned  in  this  cele- 
brated society ;  and  they  appear  highly  worthy  of  their  attention 
and  their  zeal. 


Article  III. 


On  ifie  Composition  of  Oxide  of  Zinc.    By  Thomas  Thomson^ 

M.D,  F.R.S. 

In  the  table  of  the  proportions  in  which  chemical  bodies 
unite,  published  in  the  Annals  of  Philosophy ^  vol.  ii.  p.  42,  I 
have  stated  that  the  oxide  of  zinc  is  composed  of  100  metal  + 
23' 175  oxygen.  This  number  is  the  mean  of  experiments  made 
to  determine  the  point  by  Berzelius,  Davy,  and  myself.  But  as 
the  zinc  of  commerce,  with  which  my  experiments,  and  those 
of  Sir  Humphry  Davy,  had  been  made,  is  always  contaminated 
with  some  lead,  and  not  unfrequently  also  with  copper^  it  is 
obvious  that  experiments  to  determine  the  composition  of  the 
oxide  of  zinc  by  directly  oxidating  that  metal  cannot  be  perfectly 
accurate,  and  will  probably  give  the  proportion  of  oxygen  below 
the  truth.  This  consideration  induced  me  to  make  a  set  of  expe- 
riments in  a  different  way,  and  susceptible  of  greater  accuracy^ 
in  order  to  see  how  far  the  proportions  which  I  had  stated  in  the 
table  deviated  from  the  truth.  1  shall  here  give  the  result  of  my 
experiments,  for  the  satisfaction  of  my  readers. 

1 .  The  sulphuric  acid  which  I  had  in  my  possession  was  of  the 
specific  gravity  1 '83993,  at  the  temperature  of  60^.  My  first 
object  was  to  ascertain  the  proportions  of  real  acid  and  water 
contained  in  this  liquid :  100*4  grains  of  the  acid  were  diluted 
with  ^ater,  neutralized  by  a  base,  and  precipitated  by  muriate 
of  barytes.  The  sulphate  of  barytes  obtained  was  washed,  dried, 
and  exposed  to  a  red  heat.  It  weighed  220*  1  grains.  The 
experiment  being  repeated,  the,  sulphate  of  barytes  obtained 
wreighed  228*78  grains.  A  third  experiment  was  made  .with 
100-06  grains  of  the  acid.  The  sulphate  of  barytes  obtained 
weighed  220*67  grains.  These  experiments  were  all  made  with 
equal  care;  and  the  want  of  agreement  between  them  must  be 
ascribed  to  the  imperfection  of  our  methods  of  experimenting, 
and  not  to  any  want  of  attention  on  my  part.  If  we  consider 
sulphate  of  barytes  as  composed  of  100  acid  +  194  base,  ac- 
cording to  the  experiments  of  Berzelius^  then  the  sulphufic  «cid 
\»  coDiposed 
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By  Ist  experiment^  of  7^*564  acid  +   i  5*436  water 

2d   75-813  +    14187 

dd   74-910  Jt   15-090 

Mean 75-096  +   14-904 

I  may  remark  here,  that  this  result  almost  exactly  coincides 
with  the  table  of  the  strength  of  sulphuric  acid  published  bjr 
Mr.  Dalton  {New  System  of'  Chemistry^  part  ii.  p.  404) ;  for 
by  that  table  we  see  that  acid  of  the  specific  gravity  1-838  con* 
tains  75  per  cent,  of  real  sulphuric  acid.  Now  the  acid  which 
I  used  was  of  the  specific  gravity  1-8399,  and  contained  75*096^ 
per  cent,  of  real  acid. 

2,  I  diluted  100*4  grains  of  this  acid  with  water,  and  put  into 
it  a  plate  of  zinc.  The  acid  was  allowed  to  act  upon  the  zinc  fbr 
24  hours.  It  then  had  lost  the  power  of  reddening  paper  stained 
with  litmus.  Hence  I  considered  it  as  neutralized.  The  quail* 
tJty  of  zinc  dissolved  was  62-7  grains.  The  experiment  was 
repeated  with  the  same  weight  of  acid,  and  the  zinc  was  allowed 

.  to  remain  in  the  liquid  for  two  days.  The  quantity  dissolved  was 
62-93  grains.  Supposing  it  possible  that  some  portion  of  the 
acid  might  remain  uncombined  with  the  oxide  of  zinc  for  want 
of  time,  I  repeated  the  experiment  a  third  time  :  100-06  grains 
of  acid  were  diluted  witli  water,  and  a  plate  of  zinc  of  consider- 
able size  was  kept  in  it  for  nine  days,  the  liquid  being  frequently 
agitated,  and  the  zinc  brought  in  contact  with  every  part  of  it. 
The  portion  of  zinc  dissolved  in  this^  case  was  6nly  61-5739 
grains.  '  / 

According  to  these  experiments,  100  grains  of  real  sulphuric 
acid  dissolve 

By  1st  experiment  « 83*168  grains  of  zinc 

2d   83-465 

Sd   81-944 

Mean 82-859 

3.  I  consider  it  as  established  by  experiment  that  100  parts  of 
pure  sulphuric  acid  are  neutralized  by  a  quantity  of  base,  which 
contains  20*02  of  oxygen.  Thus,  for  example,  100  sulphuric 
acid  combine  with  280  of  yellow  oxide  of  lead ;  and  280  of  this 
oxide  contain  20*02  of  oxygen.  So,  likewise,  100  of  sulphuric 
acid  combine  with  100  of  black  oxide  of  copper,  which  contain 
20  of  oxygen.  It  follows  from  this,  since  zinc  has  the  property 
of  precipitating  coppef*  from  sulphuric  acid,  and  taking  its  place, 
that  the  82*859  of  zinc  which  unite  with  100  of  sulphuric  acid 
must  previously  combine  with  2002  of  -oxygen.  Therefore  100 
sulphuric  acid  combine  with  102  879  of  oxide  of  zinc  j  and  the 
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OsXie  of  zinc  is  composed  of  82*859  metal  +  20'02  oxyges,  or 
of  100  metal  -f  24- 16  oxygen. 

The  preceding  experiments  warrant  us,  I  conceive,  to  consider 
.  the  oxide  of  zinc  as  composed  of  100  metal  +  24*  16  oxygen. 
Now  this  determination  approaches  much  nearer  to  that  of  Ber- 
zelius,  who  found  oxide  of  zinc  composed  of  100  metal  -f  24*4 
oxygen ;  than  to  that  of  Sir  H.  DAvy,  who  makes  it  100  metal 
-f  21*951  oxygen;  or  myself^  who  obtained  the  numbers  ^00 
metal  +  23*5  oxygen,  by  direct  experiment.     This  new  deter- 
mination ,  of  the  composition  of  the  oxide  of  zinc  makes  it 
necessary  to  alter  the  numbers  representing  the  weight  of  an 
atom  of  zinc  in  the  table  {Annals  y  Philosophy^  vol.  ii.  p.  49). 
Instead  of  4*315,  the  corrected  number  will  be  4'139,  and  the 
.    weight  of  the  oxide  of  zinc  will  be  5' 139. 

These  new  numbers  do  not  agree  quite  so  well  with  my  ana- 
lysis of  the  sulphate  of  zinc  (stated  in  the  Annals  of  Philosophy^ 
vol.  ii.  p.  297 j)  3S  the  preceding  ones,  which  I  employed  in  my 
table.     I  found  sulphate  of  zinc  composed  of  25*8  acid  +  28*2 
oxide.     Now  5  (the  weight  of  an  atom  of  acid) :  5*139  (the 
weight  of  an  atom  of  oxide)  ::  25*8  :  26*517.  But  I  find,  upon 
considering  my  analysis^   that  the  quantity  of  sulphuric  acid 
'   obtained  is  underrated.     100  grains  of  crystallized  sulphate  of 
zinc  yielded  78*2  grains  of  sulphate  of  barytes.    Now  78*2  of 
sulphate  of  barytes  contain,  according  to  the  analysis  of  Berze- 
Ihis,  26*6  of  sulphuric  acid.      Now  5  :  5- 139  ::  26*6  :  27*34. 
This  does  not  exactly  coincide  with  the  28*2  of  oxide  of  zinc 
obtained.     But  I  find  two  circumstances  stated  in  the  account  of 
my  analyses  which  appear  to  me  quite  sufficient  to  account  for 
the  difference.     1.  Tne  sulphate  of  zinc  which  I  analysed  is 
stated  to  redden  vtgetable   blues.     Now  I  find  that  the  salt 
obtained  by.  dissolving  zinc  in  sulphuric  acid  has  not  that  pro- 
perty.    Hence  the  salt  analysed  must  have  contained  a  slight 
excess  6f  acid.     2.  The  precipitate  of  oxide  of  zinc  is  described 
as  flesh  coloured.     This  shows  that  it  was  mixed  with  iron,  and 
consequently  that  the  salt  was  not  quite  pure. 


Article  IV. 


Account  of  a  New  Hydraulic  Machine.      Contrived  by  M. 

Mannoury  Dectot.* 

Th£  Class  has  already  approved  of  several  machines  invented 

*  This  18  a  translation  of  the  Report  made  to  the  Institute  on  the  subject  on 
(he  2Sd  August,  .1813.    I  have  translated  it  from  the  Moniceur  of  tb^  27tii 
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by  M.'  M annoury.  The  one  wluch  we  have  at  present  to  describe 
is  not  less  worthy  of  attention. 

M.  Mannoury  not  having  yet  given  a  name  to  his  new  ma- 
chine, we  shall  venture  to  call  it  a  danaidcy  as  this  name  seems 
proper  to  give  a  first  conception  of  the  mechanism  of  the  ma- 
chine, which  in  fact  is  nothing  else  than  a  trough  into  which  the 
water  is  continually  running  from  above,  while  as  great  a  quan- 
tity runs  out  by  a  hole  at  the  bottom.  But  the  danaide  of  M. 
Mannoury  is  more  fortunate  than  that  of  the  daughters  of  the 
King  of  Argos ;  because  it  is  more  ingenious.  He  has  contrived 
to  give  his  trough  a  rotatory  motion,  to  prevent  by  its  centrifugal 
force  the  too  great  rapidity  of  the  escape  of  the  water :  so  that 
if  the  secrets  of  M.  Maiinoury  should  ever  make  their  way  into 
Tartarus,  he  will  have  the  gloiy  of  alleviating  the  labours  im- 
-  posed  for  so  many  ages  upon  these  unfortunate  princesses. 

TTie  model,  by  means  of  which  M.  Mannoury  exhibited  his 
experiments  to  us,  consists  principally,  as  has  been  said,  of  a 
trough,  the  bottom  of  wl^ich  has  a  hole  in  its  centre.  This 
trough  is  cylindrical,  and  nearly  as  high  as  it  is  broad,  and  is 
made  of  tin  plate,  it  is  fixed  to  a  vertical  axis  of  iron,  which 
passes  tlirough  the  middle  of  the  hole  in  the  bottom,  leaving  a 
vacaqt  space  all  around,  through  which  the  water  escapes  as  it 
flow^into  the  trough.  This  axis  turns  with  th^  trough  upon  a 
pivot,  and  is  fixed  above  to  a  collar. 

The  object  of  M.  Mannoury  was,  that,  the  wa|ter  flowing  into 
the  trough  from  above  with  a  certain  quantity  of .  i^i;  j^ii/o,  should 
communicate  the  whole  of  it  to  the  solid  paris  of  the  machine, 
to  be  employed  afterwards  in  producing  some  useful  effect; 
always  excepting  Ihe  small  quantity  of 'force  necessary  to  enable 
the  water  to  escape  by  the  orifice  below.  He  obtains  his  object 
in  the  following  manner. 

To  the  axis  of  the  trough,  and  within  it,  there  is  fixed  a 
jdnim,  rdcewise  of  tin  plate,  concentric  with  the  trough,  and 
close  above  and  below.  This  drum,  which  turns  round  with  the 
trougli,  fills  almost  the  whole  of  its  solid. contents:  there  is 
merely  a  small  space  between  the  two,  not  exceeding  I  *b  inch« 
This  space  exists  likewise  between  the  bottom  of  the  trougli  and 
the  drum,  but  it  is  in  that  place  less,  and  is  divided  into  several 
compartments  by  diaphragms  proceeding  from  the  circumference 
to  the  central  hole  in  the  bottom  of  the  trough.  These  dia- 
phragms do  n<Jt  exist  between  \ht  sides  of  the  drum  and  the 
trough,  and  the  compartments  at  the  bottom  communicate  with 
this  annular  space.  ^   '    ^ 

The  water  comes  from  a  reservoir  above  by  one  or  two  pipes, 
and  makes  its  way  into  this  annular  space  between  the  ^trough 
and  drum.    The  bottom  of  these  pipes  correspiQads  with  the 
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level  of  die  water  in  the  trough,  and  they  are  directed  horizon- 
tally, and  as  tangents,  to  the  mean  circumference,  between  that 
of  the  trough  and  of  the  drum.  The  velocity  which  the  water 
has  acquired  by  its  fall  along  these  pipes  makes  the  machine 
iBOve  round  its  axis ;  and  tins  motion  accelerates,  bv  degrees, 
till  the  velocity,  of  the  water  in  the  space  between  tne  trough 
and  drum  equals  that  of  the  water  from  the  reservoir :  so  that  no 
sensible  shock  is  perceived  of  the  affluent  water  upon  that  whieh 
is  contained  in  the  machine. 

This  circular  motion  communicates  to  the  water  between  the 
trough  and  drum  a  centrifugal  force,  in  consequence  of  which 
it  presses  against  the  sides  of  the  trough.  This  centrifugal  force 
acts  equally  upon  the  water  contained  in  the  compartnaents  at 
the  bicyttom  of  the  trough,  but  it  acts  less  and  less  as  this  water 
approaches  the  centre. 

The  whole  water,  then,  is  animated  by  two  forces,  which 
oppose  eadi  other ;  namely,  gravity  and  the  centrifugal  force. 
The  first  tends  to  make  the  water  run  out  at  the  hole  at  the 
bottom  of  the  trough ;  the  second  tends  to  drive  the  water  from 
that  hole. 

To  these  two  forces  are  joined  a  third,  namely,yHc/io»,  which 
acts  here  an  important  and  singular  part,  as  it  promotes  the 
efficacy  of  the  machine,  while  in  other  machines  it  always  dimi- 
nishes that  efficacy.  Here,  on  the  contrary,  the  effect  would 
be  nothing,  were  it  not  for  the  fiiction,  which  acts  in  a  tarigent 
to  the, sides  of  the  trough  and  the  drum. 

By  the  combination  of  these  three  forces,  there  ought  io 
result  a  more  or  less  rapid  flow  from  the  hole  at  the  bottom  of 
the  trough :  and  the  less  force  the  water  has  as  it  issues  out,  the 
more  it  will  have  employed  in  moving  the  machine,  and  of 
course  in  producing  the  useful  eifect  for  which  it  is  destined.  . 
The  moving  power  is  the  weight  of  the  water  running  in, 
multiplied  by  the  height  of  the  reservoir  from  which  it  flows 
above  the  bottom  of  the  trough :  and  the  useful  effect  is,  the 
same  product,  diminbhed  by  half  the  force  which  the  water 
xetains  when  it  issues  out  of  the  orifice  below. 

We  endeavoured  to  ascertain  by  a  direct  experiment  the 
amount  of  this  useful  effect.  We  fixed  a  cord  to  the  axis  of  the 
machine,  which  by  means  of  pulleys  properly  placed  raised  a 
weight  in  proportion  as  the  machine  turned  round.  The  result 
of  repeated  experiments  was,  that  the  effect  produced  amounted 
to  ^Zj.  of  the  moving  cause^  and  often  approached  -j2j^,  even  not 
reckoning  the  friction  of  the  pulleys,  &c.  which  has  nothing  to 
do  with  the  machine.  This  d&ct  surpasses  considerably  that  of 
the  best  machines' known. 
.Hence  >tfai#  new  piece  of  mechanism,  .notwithstanding  its 


1613.]         Chemical  Properties  of  Animal  Fltdds.  4t5 

great  simplicity,  ought  to  be  placed  among  the  most  important 
conceptions  for  the  arts,  and  we  propose  to  the  Class  to  give  it 
its  approbation. 

(Signed)  Perier^  Prony,  Carnot,  Reporters. 

Tlie  Class  approves  of  the  Heport,  and  adopts  its  conclusions, 

Delambre,  Perpetual^  Secretcary. 


!*5* 


\ 

Article  V. 


General  Views  of  the  Composition  of  Animal  Fluids.  By  J, 
Berzelius,  M.D.  Professor  of  Chemistry  in  the  College  of 
Medicine  at  Stockholm. 

{ConduM  frwn  p,  887.) 

Of  the  Fluids  that  compose  the  Excretions.  * 

I  must  refer  the  reader  to  what  I  have  already  observed  gene^ 
rally  on  this  subject,  and  shall  proceed  to  the  individual  species, 

1.  The  Fluid  of  Perspiration. 

I  have  not  been  able  to  make  my  experiments  on  this  fluid  in 
^ny  large  quantity,  the  organ  that  secretes  it  being  extend^ 
over  so  large  a  surface,  ana  seldom  affording  much  at  a  time. 
As  to  what  collects  in  under-waistcoats  after  some  days  wearing, 
it  must  always  be  more  or  less  altered  by  spontaneous  decompo- 
sition. 

I  collected  on  a  watch-glass  a  few  dix^  of  sweat  as  they  fell 
from  my  face,  and  evaporated  them  carefully.  The  yellowish 
residue  had  all  the  appearance  under  the  microscope  of  the  usual 
mixture  of  the  muriates  of  potash  and  soda  witli  lactic  acid, 
lactate  of  soda,  and  its  accompanying  animal  matter.  It  red- 
dened litmus,  and  dissolved  in  alcohol,  and  was  without  doubt  of 
the  same  nature  as  the  analogous  matter  found  in  the  other 
fluids.  The  alcohol  left  untouched  a  small  trace  of  an  animal 
matter  which  blackened  in  the  fire^  but  was  in  too  small  quantity 
to  admit  of  further  examination. 

Mr.  Thenard  discovers  acetous  acid  in  perspiration,  but  this 
acetous  acid  is  produced  here,  as  in  his  other  experiments,  from 
the  lactic,  by  his  mode  of  operating.  It  is  well. known  that 
litmus  paper  reddens  instantly  when  put  in  contact  with  the  skin 
of  the  living  body  ;  which  shows  that  the  acid  that  produces  this 
effect  is  not  volatile,  otherwise  it  would  be  evaporated  by  the  dry 
surface  of  the  body,  which  has  always  a  temperature  of  ^°  u> 
90^  Fahr.  '-  ... 
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2.  Urine. 

We  possess  many  analyses  of  urine,  both  in  a  healthy  and 
diseased  state,  but  none  of  them  gives  a  very  cittended  view  of 
the  subject ;  and  it  is  clear  that  the  analysis  of  morUd  urine 
acquires  its  chief  interest  from  being  *abie  to  compare  it  with 
that  of  heahh. 

A.  The  Adds  of  the  Uritie. — ^The  acidity  of  healthy  urine  has 
generally  been  attributed  to  the  phosphoric  acid.    By  the  che- 
mical change  which  the  blood  undergoes  in  the  kidnies,  a  large 
portion  of  its  constituent  parts  are  acidiiied  j  so  that  the  blood 
which  enters  alkaline  into  the  renal  arteries,  returns  from  the 
rtnal  vessels  loaded  tvith  many  acids,  some  of  which  did  not  at 
all  exist  in  the  blood  at  fts  entrance,  and  others  were  present  in 
very  minute  quantity  only;    The  acids  of  the  urine  which  do  not 
at  all  exist  in  the  blood  are  the  sulphuric,  uric,  and  sometimes 
the  benzoic;  the  others  are  the  phosphoric  and  lactSh     The 
muriatic  and  fluoric  acids  a]5pear  to  pass  from  the  blood  to  the 
urine  without  increase  in  their  proportional  quantity.     As  "by  the 
laws  of  chemical  affinity^  these  acids  will  unite  with  any  alkali 
that  may  be  present,  and  saturate  themselves  with  it  in  the  order 
of  the  force  of  their  respective  affinities,  it  must  follow  that 
where  the  quantity  of  alkali  is  insufficient  to  saturate  all  the 
acids  present,  the  weakest  acids  must  be  those  that  will  remain 
uncombined  and  will  give  the  urine  its  acid  properties.     These 
therefore  must  be  the  lactic  and  the  uric. 

It  is  so  generally  known  and  so  fully  proved  that  the  urine 
contains  the  phosphoric^  muriatic^  and  uric  acids,  that  it  is  useless 
to  add  any  thing  further  on  this  subject.  •    ' 

Urine  contains  the  Jitwric  acid.  In  my  analysis  of  bones  I 
have  found  that  human  and  ox  bone  contain  as  much  as  two  per 
cent,  -of  fluate  of  lime.  It  is  therefore  natural  to  suppose  that 
the  earthy  phosphates  dissolved  in  urine,  which  are  chiefly  de- 
rived from  the  decomposition  and  abscffj^tion  of  bone,  should 
hlso  retain  the  same  proportion  of  fluate  of  lime.-  To  prove  it,  I 
precipitated  a  large  quantity  of  urine  with  caustic  ammonia, 
collected  and  calcined  the  precipitate,  mixed  an  ounce  of  it  with' 
as  much  sulphuric  acid,  and  then  heated  the  mixture  moderately 
in  a  platina  crucible  covered  with  a  glass  plate  prepared  for 
etching.  After  some  hours  I  removed  the  glass,  took  off  the 
graver^s  wax,  and  found  the  lines  corroded  by  the  fluoric  xrcid 
vapour. 

Urine  saturated  by  ammonia,  filtered,  and  niixed  with  muriate 
of  lime,  gives  also  a  good  deal  of  phosphate  of  lime^  containing 
no  fluoric  acid.  The  urine  therefore  contains  no  other  fluate 
th^i  that  of  lime. 
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The  sulphuric  acid  is  also  found  in  lirine.  The  alkaline  fluids 
merely  neutralized  by  acetic  or  muriatic  acid,  and  then  mixed 
with  muriate  of  barytes,  give  no  indication  of  sulphuric  acid. 
But  if  the  residue  left  after  the  evaporation  of  these  fluids  be  first 
calcined,  and  the  saline  part  then  extracted  by  lixiviating  the 
ash,  and  treated  with  muriatic  acid  and  muriate  of  barytes,  a 
notable  quantity  of  sulphuric  acid  is  found,  produced  from  the 
sulphur  contained  in  animal  matter.  But  with  urine  the  appear- 
ances are  very  different.  Muriate  of  barytes  added  to  it  forms 
immediately  a  copious  precipitate  of  sulphate  of  barytes ;  and  I 
have  constantly  found  that  the  quantity  of  sulphuric  acid  in  urine 
exceeds  that  of  the  phosphoric  acid.  Rouelle,  the  elder,  long  ago 
detected  sulphuric  acid  in  urine,  but  this  was  considered  as  an 
accidental  circuhnstance :  I  have  however  very  good  reason  for 
supposing  this  acid  to  be  a  most  essential  constituent  part  of 
unne.  The  production  of  this  acid  takes  place  in  the  kidnies, 
and  the  action  of  these  organs  resembles  combustion  in  this 
respect,  that  part  of  the  constituent  elements  of  the  urine,  such 
as  the  sulphur,  phosphorus,  the  radicals  of  the  alkalies  and 
earths,  &c.  become  oxidated  to  their  maximum :  and  here  also 
the  kidnies  generate  some  acids  with  compound*  bases.  The 
remainder  of  the  blood  gives  rise  to  the  urea,  which,  being 
formed  from  the  materials  of  the  blood,  ought  to  contain  mor^ 
azote  in  proportion  as  a  greater  number  of  the  othet  elements  of 
these  materials  has  been  acidified.  It  would  however  be  incor- 
rect to  consider  the  production  of  urine  as  an  excretion  of  the 
azote  which  is  in  excess  in  the  animal  economy,  because  it 
appears  that  the  amount  of  its  quantity  in  the  constituents  of 
urine  is  not  greater  than  in  the  constituents  of  blood.  We  might 
with  as  much  reason  consider  the  kidney  as  an  organ  for  oxida- 
tion ;  but  it  is  certainly  an  error  to  believe  that  any  organ  except 
the  lungs  has  the  ofiice  of  removing  one  particular  element  in  a 
greater  proportion  than  the  rest. 

I  at  first  conceived  that  the  whole  of  the  sulphur  contained  in 
the  blood  was  acidified  in  the  kidnies,  and  cons6t}uently  imagined 
that  the  same  change  might  be  induced  on  a  part  of  the  azote, 
the  carbon,  and  the  hydrogen.  Proust  asserts  that  the  urine 
contains  carbonic  acid ;  but  it  is  very  difficult  to  establish  the 
certainty  of  this  fact,  because  the  urea  is  decomposed  by  a  heat 
even  inferior  to  tliat  of  boiling  water,  and  produces  carbonate  of 
ammonia,  which  is  de/composed  by  the  free  acid  of  the  urine, 
and  carbonic  acid  is  disengaged.  I  am  rather  disposed  to  believe 
that  urine  does  not  contain  carbonic  acid,  because  no  bubbles  of 
air  are  ever  seen  to  form  on  the  sides  of  the  containing  vessels  : 
and  if  urine  still  warm  be  thrown  on  any  substance  whatever 
-reduced  to  powder,  such  as  powdered  sugar,  no  efiervesccnee 
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ensues.     Urine  is  found  to  contain  no  nitric  acid.     If  the  resi- 
duum from  evaporation  be  treated  with  alcohol,  and  the  undis- 
solved portion  (which  must  contain  akl  the  nitrates  of  the  urine) 
be  exposed  to  fire,  it  will  exhibit  no  sign  of  detonation  :  although 
this  phenomenon  is  very  perceptible  wheTnever  a  very  small  quata- 
tity  of  nitrate  of  potass,  or  even  of  nitric  acid,  has  been  tfidded 
to  the  urine.     Lastly,  I  found  accidentally  that  the  whole  of  the 
sulphur  contained  in  urine  is  not  acidified.     I  had  made  use  df 
nitrate  of  barytes  to  precipitate  the  sulphuric  acid  in  urioe,  attd 
had  previously  added  to%the  latter  sonMc^itric  acid,  it)  order  that 
the  phosphate  of  barytes  might  be  retained  in  soltttioo*     Aftet 
having  separated  the  sulphate  of   barytes,   I  pfecipifated  the 
phosphate  by  ammonia;  and  after  having  filtered  the  ammokiiaeal 
liquor,  I  evaporated  it.  During  its  evaporation  it  deposited  kmsll 
white  shining  crystals,  exceedingly  bard,  insoloble  in  water,  in 
acids,  or  in  caustic  potass.     Aftef  subj^ting  them  to  mahy 
experiments,  !>  at  length  found  them  to  be  sulphate  of  barytes. 
In  repeating  the  experiment  with  muriate  of  barytes  and  muftaitie 
acid,  in  order  to  prevent  the  precipitation  of  the  phosphate  t)f 
^  barytes,  no  sulpliate  of  barytes  was  formed.    The  productionof 
this  salt  is  the  more  singular  because  the  nitric  acid  present  v^ 
even  supersaturated  with  ammonia.     Instructed  by  tnis  experi- 
ment, I  precipitated  another  portion  oiF  urine  with  nitrate  of 
barytes,  and  after  fihering  evaporated  it  to  dryness,  aiid  bumlsd 
the  residuum  with  a  fresh  quantity  of  nitrate  of  barytes.    3%e. 
ashes  treated  with  muriatic  acid  left  a  considerable  c[uaiititj^-of 
undissolved  sulphate  of  barytes.  -^ 

4.  T/ie  benzoic  acid  is  found,  according  to  Scheele,  in  the 
urine  of  infants*  I  have  not  been  able,  in  my  experiments,  to 
discover  the  least  trace  of  it,  and  I  much  doubt  whethef  it't>e 
contained  in  acidulous  urine«  .•      ^      .,     ,■; 

.     5,  Lactic  acifl^.— It  is  principally  to  this  aeid  that  urine  owes 
its  acid  properties :  and  if  I  may  be  allowed  ta^peculatid  db  ftUd 
.   causes,  I  should  say  that  it  is  destined  to  hold  tlie  earthy  pilMs- 
"phates  in  solution,  and  obviate  the  dire  effects  of  their  d^positiba 
in  a  solid  mass.    In  order  to  ascertain  the  preseiioe  ofi  this  add, 
the  urine  must  be  evaporated  to  the  corisisteiice  of  a  i^yntp,  ittid 
treated  with  alcohol.    The  substance  which  r^ftiarns  iiiidis^fili^d 
isacid^  and  by  the  addition  of  ammonia  is  decony^ost^d  ^»  riid 
the  lactic  acid  combined  with  the  ammonia  becomes  sol«^l6'in 
.   alcohoL  From  its  solution  in  alcohol  the  ammonia  is^  disengaged 
by  quicklime,  and  from  the  new  salt  thus  formed  the  lime  may 
be  separated  by  oxalic  acid,  which  leaves  the  lactic, dcid  dissolved 
in  water.    By  this  process  a  small  part  only  of  the  rlactic  a$id 
<:ontained  in  the  urine  is  obtained,  the  greater  pari,  together 
'  with  the  lactate  of  ammonia^  heing  carried  off  by  the  alcohcA. 
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ti.  The  Deposit  from  Urine. 

Urine,  by  cooljog,  affords  a  dqx)sit  whxclii  varies  considerably 
ici  .diiiVjent,  circumstances^  not  only  in  quantity,  but  also  in 

^Xtfjro^  chai;ajctefs^  .  Wl>ea  it  is  abundant  the  urine  becomes 
iiuitiid  throughout,  a  grey  powder  is  precipitated,  and  aft^r  eon- 

tlnmng  fiHF/Sonie  time  at  rest,  ftie  pneeipitate  is  found  at  the 
■; bottjprn  covered  with  a  mucous  stratum.  The  deposit  gradually 
/.■acqwes,  a,red.tinge>  and  after  some  tfme  is  found  perfectly 
;£4rystaUi;seJ*  ..When  tl»jrtrine  does  not  become  turbiti,  tWe 
:oDjy  appears  a  thin  cloucl  scarciely  discernible,  which  by  rest 

.«infe^!tlQ  the.  bottom  or  collects  in  light  transparent  flocculi,  ia 

which,  there  ares  ^omeltimes  formed,  after  24  hours,  red  ctystals, 
;';   AH  urine,  wheft. newly.  evacu£tted,  contains  a  matter  suspended 
:in,  itji  .which  in  some?  degree  affects  its  perfect  transparency. 
t^C&ie  matter  is  the  mi^^s  of  tiie  inner  coat  of  the  bladder.     If 

^h^tttirirte,  wWl^  yet  warm,  be  poured  on  a  filter,  it  will  pass 
iperfectlyclear^Rud  the  mucU$  will  remai^i  on  the  filter  in  the 
rrforpaipftranspanept^id  colourless  flocculi.  The  deposit  which 
rrftf^rw^rds  tak.es  placfs  i^  filtered  urine  is  pulvehilent,  and  nowise 
;!inucou&t  wbich  prov^iliat  it  is  from  admixture  with  the  mucus 

©if  the  bladder,  that  thfc  floceutent  appearance,  so  frequently 
1:  assumed  by  thei  deposit,  arises.  By  dryings  the  mucus  loses  its 
i  transparency,  ?.be<5omes  red,  and  soraetimies  ha$' a  . crystalline 
*.(a$pect,  ;which  is  owing  to  the  presence  of  uric  acid^  the  crys^ds 
:riof  wbich  have  a  diameter  exceeding  the  thickness  of  the  dried 

mucus. 

^.:  If  a  per^on^  after  ciOntinuing  for  a  long  time  either  iti  a  5*ancl^ 
'  ing  w. sitting  posture,  without  much  exercising  his  muscles, 
:..|ihouii  evacuate. u»ine  successively  in  different  vessels,  the  first 

portions  will  contain  the  largest  quantity  of  mucus,  the  next  less, 

.i^d  >tb«  succeeding  portions  none  whatever.  This  arises  from 
4,-,tiiie,^uc^s,  beiug  hf:avier.thaA  th^  iitinc,  and  collecting  in  the 

rlower.p^rt  of  the  reservoir ;  but  If,  on  the  otliet  hand,  a  person 

t>0  €ibl|ged^to  remain  long  oh  his  back,  and  ta  evacuate  the  urine 
,.  i^  tb^  position,  the  lowermost  portion  does  not  come  aiway  first, 
•  rfind.i^.  th^Ur  frequently  happens  that  the  whole  of  the  mudus 
^i  <}fUiiippt be  evacuated,  and  that  a  part  remains  for  along  time-iti 
settle  bladder,  when,  from  the  disposition  of  the  uric  acid  to  form 

; crystals  in  the  mass  of  mucus,*  the  latter  becomes  a  nucleus' for 
:,  l}ie.4ori|iatibi[>.of  calculus*  To  this  circumstatice  may  be  ascribed 

'w  r .        ■..■:..••,."        •;.•'■ 

i     ^  *  I  ^»ve  verV  ofreh  observed  thiit  wheh  the  urine  b9s  been  evacuated  iliiiTO 

pbriitonsjor  which  (he  bue  contained  mucus^  and  the  other  vies  clear^  the  la^er 
- ''  bus  flfiTonNM  Tib  precipittite,  while  in  the  former  the  mncus  was  found  after  \2 
7  ^i>r  134  boHCs»  to  contaia  numerous  red  crystaN^  sometimes  of  conftldepabletfze. 

j(t  wi>9ld  therefore  a^>pear  tbat  in  urine,  which  does  Dot  contain  enotigb  ofvMric 

lic/ui'  to  form  a  precipitate  by  cooling,  the  piresenco  of  onucils  favours  in  loma 

particular  way  iti  crystallization. 
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the  frequency  of  this  disorder  originatiiig  during  the  cure  of 
fractures  of  the  lower  extremities. 

The  cloud  which  appeal's  in  the  urine  during  fever,  is  in  fact 
merely  the  mucus  of  the  bladder,  which,  from  the  increase  of 
the  specific  gravity  of  the  urine,  subsides  more  slowly,  or  some- 
times remains  suspended  in  the  fluid.  The  deposition  whicU 
urine  exhibits  in  diseases  frequently  suggests  useful  indications^ 
and  its  examination  is  sometimes  of  great  importance  iu  the 
practice  of  medicine.  It  is  necessary,  in  this  inquiry,  to  distin- 
guish between  two  different  kinds  of  mattec  deposited  :  the  one 
being  composed  of  the  materials  which  are  not  held  in  solution^ 
and  are  mechanically  suspended,  and  the  other  consisting  of 
those  which  are  dissolved  in  warm  urine,  but  wliich  separate  by 
c<x)ling.  Tlie  former  contains,  in  a  state  of  health,  only  the 
mucus  of  the  inner  coat  of  the  bladder ;  which,  while  yet  warm,, 
may  be  separated  from  the  latter  by  filtration.  The  mucus  that 
remains  forms  discrete  flocculi,  which  do  not  collect  together, 
and  whicli,  after  being  dried,  do  no|  recover  their  ori^nal 
transparency  and  mucosity  by  maceration  in  water.  This  mucus 
is  in  great  part  dissolved  by  acetic  acid  or  diluted  muriatic  acid ;. 
but  diluted  sulphuric  acid  acts  upon  it  very  feebly.  It  is  also 
soluble  by  digestion  ia  caustic  alkalies. 

In  catarrhus,  vesicae  the  urine  is  loaded  with  an  enormous 
quantity  of  a  tnucous  matter  which  is  suspended  in  it.  This 
matter  is  a  true  mucuSj  although,  in  consequence  of  the  morbid 
affection  of  the  organ  which  produces  it,  its  characters  are  diffe- 
rent from  those  of  healthy  mucus.  If  it  be  collected  on  the 
filter,  in  proportion  as  the  water  is  absorbed,  it  beconies  more 
and  more  mucous  and. viscous  ;  and,  during  the  desiccation,  it 
becomes  transparent  and  greenish.  By  maceration  in  water  it 
recovers  its  mucous  character,  undergoes  after  some  time  an  acid 
fermentation,  and  acquires  a  purulent  appearance.  In  a  word,, 
the  mucus  of  the  b]iadder,  when  diseased,  approaches  more  nearly 
to  that  of  the  nose,  and  differs  much  in  its  properties  from  the 
secretion  in  its  natural  state.  .      •  . 

There  is  still  another  morbid  condition  of  the  urinary  passages, 
in  which  the  urine  carries  along  a  matter  mechanically  suspended 
in  it,  and  which  has  so  close  a  resemblance  to  that  produced  by 
catarrh,  that  inattentive  practitioners  easily  confound  the  one 
with  the  othcf.  The  urine  when  filtered  leaves  a  mucous  matter 
on  the  filter,  which  however  does  not  become  transparent  by 
desiccation,  but  gives,  on  the  contrary,  a  white  powder  appearing 
only  to  the  touch.  This  powder  consists  of  phosphate  of  lime, 
and  the  ammoniaco-magnesian  phosphate,  mixed  with  the  mucus 
of  tlie  bladder.  The  urine  in  this  disease  has  lost  all  its  free 
iicid,  it  does  riot  affect  the  colour  of  litmus  paper,  and  I  have 
sometimes  even  seen  it  lesloxci  \\\<i  lilue  colour  of  litmus  when  it 
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bad  been  reddened  by  vinegar.  In  observing  this  re-action,  the 
paper  should  be  inspected  immediately ;  if  it  be  allowed  to  dry, 
It  reddens  from  the  decomposition  of  the  ammoniacal  salts,  and 
this  happens  even  when  the  paper  is  immersed  in  a  sohition  of 
neutml  muriate  of  ammonia,  or  even  when  the  ammonia  is  ia 
excess.  The  urine  in  this  disease  has  also  the  property  of  yield- 
ing a  precipitate  by  common  muriate  of  mercury,  in  the  same 
way  as  during  a  paroxysm  of  fever :  a  circumstance  which  is 
owing  to  the  absence  of  the  free  acid.* 

The  secondary  precipitate  which  is  formed  in  urine,  which 
has  been  filtered  while  still  warm,  is  pulverulent,  and  contains, 
as  is  already  known,  the  uric  acid  in  abundance.  In  the  first 
moments  after  its  formation  it  i^  of  a  greyish  white,  but  it  gra- 
dually acquires  a  reddish  hue,  and  the  pulverulent  matter  assumes 
^t  the  same  time  a  crystalline  form.  The  change  is  effected  still 
more  quickly  when  exposed  to  the  immediate  contact  of  air,  than 
when  the  deposit  is  covered  with  urine.  .  The  greyish  precipitate 
which  is  first  formed  is  soluble  in  caustic  alkali,  without  the 
evolution  of  ammonia ;  but  in  proportion  as  it  becomes  red  and 
crystallized,  potass  disengages  from  it  ammonia  in  abundance. 
It  IS  evident,  therefore,  that  the  crystallization  of >  the  precipitate 
depends  on  the  formation  of  urate  of  ammonia  with  excess  of 
acid,  which  appears  to  constitute  the  red  crystals  which  form  in 
urine  by  cooling.  I  think  I  have  observed  that  the  mucus  is  ia 
a  great  measure  concerned  in  this  change  in  the  precipitate, 
since  it  takes  pl&ce  more  slowly,  and  in  a  less  degree,  in  urine 
which  has  been  filtered.  That  species  of  urine  which  on  cooling 
becomes  milky,  and  appears  like  a  mixture  of  clay  and  water, 
yields  about  one-thousandth  of  its  weight  of  precipitate. 

.  The  deposit,  treated  with  acetic  acid,  is  partly  dissolved,  and 
«ives  a  yellowish  solution,  from  which  a  precipitate  is  thrown 
down  by  carbonate  or  prussiate  of  potass,  h  well  as  by  infusion 
of  galls,  but  not  by  the  caustic  alkalies.  The  quantity  dissolved 
is  greater,  and  the  yellow  colour  more  intense,  when  the  urine 
bad  not  been  filtered  before  cooling ;  which  appears  to  prove  that 
the  substance  dissolved  by  the  acetic  acid  is  in  both  cases  mucus, 
of  which  a  part  has  been  dissolved  in  the  urine,  and  since  preci- 

*  I  once  had  occasion  to  treat  a  man  attacked  with  this  disease.  I  endea- 
voured by  large  doses  of  phosphoric  acid  to  supply  the  deficient  acid  in  the 
unne,>but  withoat  being  able  to  effect  any  alteration  whatever.  The  dose  wa» 
At  length  increased  till  it  purged  the  patient,  when  the  urine  suddenly  resumed 
4ts  natural  characters,  and  became  acid,  transparent,  and  deposited  uric  acid, 
ikit  these  salutary  effects  disappeared  with  the  purgative  one,  9nd  they  oeuld 
jiot  be  again  reproduced.  After  the  phosphoric  acid  had  been  employed  in  vaii|« 
the  acetic  and  sulphuric  acids  were  given,  but  withoat  success.  Alkaline  reme- 
dies had  no  effect  either  beneficial  or  injurious,  and  the  disease  still  continues, 
•having  produced  a  great  degree  of  debility  iu  the  inferior  extremities. 

1 


422  Ckmlcat  Properties  of  Animal  Ftuidis.        [f)k(Jt 

pitated  in  2i  state  of  chemical  combination  >\nth  tlie  uric  acid.  It 
IS  this  compound  which  is  gradually  decom.p6sed,  and  gives  rise 
to  the  crystallized  superurate  of  amnionia.  .The  deposit  contains 
none  of  the  earthy  phosphates.  The  muriatic  acid  digested  witii 
.the  deposit,  and  then  saturated  with  amriiopiaj^  precipitates 
nothing.  "^Subjected  to  fire,  the  deposit  burns,  aijq  leaves  at 
length,  and  with  some  difficulty,  a  very  small  qualntitjr  of  a  fused 
ash,  which  consists  of  carbonate  of  soda,  proving  thai  the  deposit 
often  contains  a  simll  quantity  of  superui^ate  of  soda,  that  inso- 
luble salt  which,  according  to  the  experiments  of  Dr.  .Wollaston, 
produces  the  gouty  concretions  of  the  joints. 

The  secondaiy  deposit  of  healthy  urine,  therefore,  is  not  uric 
acid,  but  V  combination  of  this  acid  with  ^ri  aiiimal  matter, 
which  appears  to  be  a  portion  of  the  miiciis  of  thfe  bladder  dis- 
solved by  the  warm  urine.  The  deposit  contains  SiiU  a,  trace  of 
superurate  of  soda,  and  by  spontani^oUs  ilecotnnosition  there  is 
formed  superurate  of  ammonia,  \yhich  renders  it  crystalline. 

It  is  to  be  presumed  that  uric  aci3,  whicH  is  cfepb'sited  in  the 
bladder  and  forms  calculi,  contains  this  same  iriinqal  matter, 
which  ought  accordingly  to  be  an  essential  cf6nsti,tuent  of  all 
calculi  formed  in  the  bladder.  1  have  thiis  foiio'd  it  in  two 
different  calculi  which  I  examined  with  ibis  view.'  The  following 
is  the  mode  of  separating  the  uric  acid  from  the  animal  matter. 
The  calculus  is  dissolved  in  caustic  alkali^  and  a  precipitate 
.obtained  by  adding  to  the  Solution  muriatic?  acid  in  eScess.  'The 
precipitate  consists  of  uric  acid  ;  and  a  combination  of  the 
animal  matter  with  muriatic  acid,  w*hich  may  be  carried  tiff  by 
■washing  the  precipitate  freely  on  the  RMtr.  The  mtiHatic  corn- 
wound  is  soluble  ih  pure  water,  and  is  again  precipitated  by  tlie 
addition  of  muriatic  acid,  or  by  allowing  it  Tb'drop  irtto  the  acid 
liquor  which  has  passed  through  tlie  filter.  '  Tlie  iiric  acid  re- 
Tnaining  on  the  filter  is  in  a  state  bf  ^^inty  ^reaitcr  than  any  tlia^ 
has  been  hitherto  the  subtect  of  exnmfftatiori.  '  ''    '    "      " 

C.  vAnolysh  ?/>  Urine^^,  .    ■  .  :  ■  '  ■: 

'-  I  have  been  at  much  panns  to  tjrrive  at  a'^  acc*orkte  iA'tmciW- 
ledge  as  possible  of  the^^  precise  comj56sitidri  of^irria^,'"  b^tfe'as  to 
the  quantity  and  condition  of  its  constituents;  The  task  liSs 
been  laboribus^  difficult,  and  oftert  extreniely  eoraplieatetlj    It 

>would  be  trespassing  on  the  patience  of  the  Society,  wtrt  I  tt) 
atteYnpt  at  present  to  give  an  accounrt  of  ^11  th.^  details,  and  ^uch 
is  the  nature  of  an  exact  analytical  investigation  thaft  ft. admits 
not  of  a  brief  recital.     I  sliall  therefore  content  "myself  Witl^ 

:«ommumcating  tbc  general  result,  which  is  asfbllidwls:-^ 
|000  parts  of  urine  are  composed  of  '    '  ■ 

■:;■.....::•■.;.:..    ''.    ..'  .  ..    .   •■;:;;..■:.'.:;.■...-  v  / 
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Water 933-00 

Urea •     30lO 

Sulphate  of  potass i       8*71 

Sqlphate  of  soda  .,,.... , 8*16 

.        Phosphate  of  soda 2*94 

.  liluriate  of  soda  .«.........•••.••       4*45 

Phosphate;  of  amiponia .  * . .  • .  1  '^5 

,,        Muriate  of  apmonifi • 1  '50 

Free  lactic  acid " 

Lactate  of  ammonia 

Animal  matter  soluble  in  alcohol, 
and  usually  accompanying  the 

lactates ^      17*14 

Animal  matter  insoluble  in  alco- 
hol...,..,.  

Urea  not  separable  from  the  pre- 
ceding  

Earthy  phosphates  with  ft  trjice  of?         .  .q^ 

fluate  of  lime , 5 

Uric  acid 1*00 

Mucus  of  the  bladder 0*32 

Silex 0*03 


491 


T'.     ■     • 


1000*00 


With  regard  to  the  relative  proportions  of  these  ingredients,  it 
is  very  probable  they  iriay  vary  independently  of  disease.  } 
believe,  however,  that  in  urine  they  are  never  very  different, 
Xinless  from  pathological  causes^  which  materially  affect  the 
health. 

I  should  also  observe  that  in  the  17*14  parts  6f  lactic  acid^ 
lactate  of  ammonia,  &c.  there  exists  a  quantity  of  water  which 
it  is  not  possible,  to  abstract  without  the  risk  of  decomposing 
these  substances.  The  quantity  of  unc. acid  always  varies  accord- 
ing to  the  individual,  and  also  in  the  same  individual  from 
different  circumstances  which  have  little  influence  on  health.  In 
tjie  above. analysis  it  was  determined  from  urine  which  became 
Ijjrbid  throughout  during-  its  cooling,  and  which  during  its  depo- 
sition resembled  water  mixed  with  clay« 

The  earthy  phosphates  contain  much  more  magnesia  (as  much 
jAS.  1 1  per  cent.)  than  in  the  bones  or  the  ashes  of  blood.  Of  the 
cause  of  this  I  am  ignorant ;  but  I  have  likewise  found  much 
more  potass  in  urine  and  in  milk  than  in  the  blood. 

The. silex  was  not  detected  by  the  composition  of  dried  urixie: 
for  in  this  way  it  might  have  been  considered  as  a  constituent  of 
some  animal  matter  dissolved  in  the  urine.  I  discovered  it  by 
treating  evaporated  urine  with  alcohol,  then  with  water,  and 
afterwards  with  muriatic  acid;^  which  left  the  undissolved  silex  ia 
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the  form  of  a  grey  powder,  which  fused  with  soda  produced  a 
transparent  glass,  and  which  by  the  decomposition  of  the  glass 
was  converted  into  the  gelatinous  state.  The  water  we  drink, 
and  which  supplies  the  continual  waste  of  that  clement  by  per- 
spiration and  by  urine,  always  contains  silex,  which  appears  not 
to  separate  from  it  in  the  body,  and  which  thus  makeTits  exit  in 
the  same  state  in  which  it  entered.  It  is  evident  that  this  earth 
should  be  found  dissolved  in  the  other  animal  fluids,  atid  that  the 
quantity  must  vary  according  to  the  quantity  contained  in  the 
water  used  as  beverage. 

MUk. 

My  experiments  have  chiefly  been  made  on  the  milk  of  the 
cow.  The  composition  of  this  fluid  is  exceedingly  analogous  to 
that  of  blood.  It  consists,  like  the  blood,  of  a  chemical  solu- 
tion, and  an  admixture  of  undissolved  matter  suspended  in  it.  By 
exposing  milk  for  some  days  in  a  shallow  vessel  to  the  tempera- 
ture of  32°  Fahr.  Iisepamted  from  it  the  cream  as  completely  as 
I  could.  The  lower  portion  of  milk,  decanted  by  a  hole  at  the 
bottom  of  the  vessel,  had  a  specific  gravity  of  1  'OSS,  and  yielded 
by  analysis  the  following  constituents : — 

Water 92875 

Cheese,  with  a  trace  of  butter  ....  28 '00 

Sugar  of  milk .  •  .*. ,  35-00 

Muriate  of  potash 1  *70 

Phosphate  of  potash 0*25 

Lactic  acid,  acetate  of  pot^b,  with  7  ^.^^ 

a  trace  of  lactate  of  iron  .  r . . .  3 

Earthy  phosphates 4 ...... ,  0*30 

1000-OQ 

Cream  contains  the  emulsive  matter  which  is  not  dissolved, 
more  concentrated  and  mixed  with  a  portion  of  milk.  This 
emulsion  is  easily  decomposed  by  agitation,  absorbs  oxygen,  and 
the  butter  separates  :  the  milk  becoming  by  this  operation  more 
acid  than  it  was  at  first.  I  found  that  cream  of  the  specific 
gravity  1*0244  was  composed  of 

Butter 4*5 

Cheese .8-5 

Whey ,1^20 

As  92  parts  whey  contain  4*4  sugar  of  milk  and  salts,  it  follows 
that  cream  contains  about  12*5  per  ceat.  of  solid  matter. 

It  is  very  remarkable  that  scarcely  any  OTher  alkali  than  potash 
is  found  in  milk.  I  have  burnt  a  quantity  of  dried  milk,  and 
Imve  dissolved  th^  muriate  of  the  ashes  in  spirit  of  wine;  and  the  , 
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alkali  left  undissolved  by  the  alcohol,  neutralized  by  the  sulphuric 
acid,  produced  on^ly  sulphate  of  potash.  I  know  not  how  far  this 
observation  is  applicable  to  other  kinds  of  milk,  or  to  milk  takea 
from  other  individuals. 

Cheese,  which  is  destined  to  be  part  of  the  nourishment  of  the 
young  animal,  has  very  peculiar  characters,  which,  as  it  would 
seem,  6t  it  for  this  office.  It  aclmits  easily  of  incineration^ 
aflbcding  a  white  ash  which  contains  j|;io  alkali,  and  which  forms 
as  much  a$  6' 5  per  cent,  of  th«  weight  of  the  cheese.  This  ash 
contains  principally  earthy  phosphates  with  a  little  pure  lime  t 
but  it  contains  neither  alkali  nor  oxide  of  iron.  Cheese  digested 
with  concentrated  muriatic  acid  yields  the  greater  part  of  its 
phospliates  to  the  acid,  and  it  afterwards  burns  without  leaving 
any  ash.  But  the  cheese  may  be  precipitated  from  the  milk  by 
an  acid  without  losing  its  phosphates.  It  appears,  then,  that  the 
latter  are  not  yet  formed,  but  that  a  slight  affinity  only  is  requisite 
to  their  production.  ,  We  may  conclude  that  nature  has  thus 
sought  to -assist  the  digestive  powers  of  the  young  during  a  period 
of  their  lives  in  which  there  exists  in  the  economy  the  greatest 
demand  for  earthy  phosphates  for  the  purposes  of  ossincation^ 
which  is  at  that  time  advancing  so  rapidly* 

Cheese  is  generally  considered  as  a  substance  insoluble  ia 
water,  and  yet  a  great  part  of  it  is  in  actual  solution  in  milk.  A 
solution  of  it  in  water  may  be  obtained,  if  cheese  precipitated  by 
an  acid  and  well  expressed,  be  digested  with  carbonate  of  barytes 
or  carbonate  of  lime.  The  carbonate  is  decomposed  with  effer- 
vescence, and  the  cheese  quitting  the  acid  is  dissolved.  The 
solution  is  yellowish,  and  resembles  a  solution  of  gum.  Evapo- 
rated to  dryness  it  leaves  a  yellow  mass,  which  easily  redissolves 
in  water.  The  solution  boiled  in  an  open  vessel,  becomes  covered 
with  a  white  pellicle,  precisely  as  milk  does,  and  acquires  the 
smell  of  boiled  milk.  The  membrane  is  almost  insoluble  in 
water,  and  appears  to  be  a  product  by  the  action  of  air  oa  the 
dissolved  cheese.  , 

With  the  mineral  acids  cheese  produces  the  s^me  combinations 
as  albumen  and  fibrin,  although  the  neutral  combinations  are  less 
sohihle  than  tho$e  of  fibnn.  A  great  excess  of  acetic  acid  is 
required  in  order  to  dissolve  the  cheese,  and  the  neutral  combi- 
nation with  this  acid  appears  to  be  insoluble.  Cheese  is  easily 
dissolved  in  alkalies.  Its  solution  in  acetic  acid,  as  well  as  ia 
ammonia,  becomes  covered  with  a  small  quantity  of  cream  every 
time  that  the  cheese  has  not  been  well  separated  from  the  butter. 
Alcohol  converts  cheese  into  an  adipocirous  and  foetid  substance^ 

Butter  add  sugar  of  milk  are  so  well  known,  that  no  additional 
information  can  result  from  my  experiments  on  them. 
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iSentoir  on  the  Delermina/'ion  of  the  Specific  Heal  of  tk« 
x  different  Gases.    By  MM.  F.  Delaroclie,  'M.D.  and  J.  E. 

(Gmtinuedfrem  p.  377.) 

;■  Section  VI. 

Determination  of  ikf-Specific  Heat  of  ike  Gases,  thalofWatar 
being  taken  for  Unity. 
We  have  already  observed,  that  the  principle  iipon  which  our 
first  set  of  espcrimenu  to  determine  the  specific  heat  of  the 
eases,  was  founded,  furnished  us  with  two  methods  of  ascertain- 
iDg  the  ratio  between  their  specific  heats  and  that  of  water,  sup- 
posing it  unity.  The  second  process,  described  in  $111.,  for 
the  h^sia  of  which  we  are  indebted  to  Count  Buni ford,  furnished 
i^  with  a  third  method  of  arriving  at  the  same  conclosions.  We 
jfill  describe  In  supcession  the  resuU  of  out  espiiriinents,  accor<tr 
fpg  to  each  of  these  three  melliods. 

§  \:~rirst  Metkfid. 
In  determining  the  spe<:i(ic  heat  cf  tlie  gases,  we  set  out  from 
this  principle,  that  this  $peci6c  heat  was  proportional  to  the 
IcaKimum  of  the  elevaiion  of  temperature  in  the  calorimeter  by  . 
9  current  of  hoi  gas.  'fp  compare  these  specific  heats  with  those 
of  water,  it  was  only  necessary  to  compare  the  effect  produced 
mpon  the  calorimeter  by  one  of  the  gases,  and  by  a  current  of 
J»t  water  moving  so  slowly  that  its  effects  should  not  be  much 
more  coo^erablc  than  those  of  the  gas.  This  we  did  la  the 
fi;JlowiDg  mnoner  ;— 

.  To  get  a  con;stant  and  regular  current  of  water,  we  mode  use  of 
t  syphon  of  glass,  C,  (Plate  X.  fig.  9,)  one  of  the  branches  of  whiclj 
pessed  through  one  of  t  ths  of  a  flagon  with  two  moutba 

•Imost  filled  with  wfttc  the  other  mouth  was  placed  a 

globular  vessel  turned  down^  and  full  of  water.    ITie 

neck  of  this  vessel  was  a  length  as  just  to  reach  the  sur.. 

free  of  the  water  in  the  nai^on  Hence  it  is  evident,  that  when- 
ever ihe  w^tcr  ran  out  ;  syphon  so  as  to  sink  its  sur- 
i^ce  bdow  the  mouth  <  jular  vessel,  (be  water  which 
jiled  that  vessel  wouh  and  supply  its  place  ;  so'  ihat 
the  height  of  the  water  in  the  flagon  would  remain  always  nearly 
the  same,  and  of  cou):se  tlie  water  would  flow  througli  the  syphon 
{areily  equably.  The  bore  of  the  syphon  was  Capifiarj;,  in  order 
\o  make  the  current  of  water  very  slow. 
This  cuirent  of  water  was  heated  in  the  same  nmnner  as  the 
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current  of  the  different  gases  in  the  preceding  experiments:  imt 
when  a  current  of  hot  water  circulates  slowly  in  a  horizontal 
tube,  it  is  impoij^^ilile  to  (letermine  its  temperature  q^actly  by 
means  of  a  thermometer  placed  in  the  ce;itre  of  liie'  tiibg,  tJtt 
account  of  ilie  unequal  temperaiyre  of  the  different  strata  of 
fluid  which  constitute  tlie  current.  We  ascertained,  by'eiiwri- 
ment,  that  a  tiiermomeler  thus  placed  indicated  a  temperature 
much  lower  tlian  the  true  temperature  of  the  current.  To  get 
Tidt>f  tiiis  uncertain^,-  we  daposed  the  apparatus  in  the  (SWuer 
represented  in  6g.  9- 

.  The  current  of  water  which  Hows  from  the  syphon,  C,  it 
received, inio  the  tube,  D  D,  which  passes  through  a  ]ar^ 
tube,  £  E,  kept  continually  filled  with  stetfm,  by'  means  of  the 
Entail  hbiler,  R.  Tlie  tube,  D  D,  is  soldered  to  another  tilb^ 
F  F,  about  0*3  inch  in  diameter.*  Iri  fhis  tube,  placed,  as  will 
h^  sean,  almost  vertical,  are  disposed  three  thermometers,  Xos. 
1,  2,  2,  in  such  a  manner  that  the  small  spherical  bulb  of  eadi 
is  in  the  centre.of  the  tube,  and  at  the  distance  of  TOSS  inch 
from  each  other.  We  shall  see  below  iiow  these  tbermomefen 
ferved  to  determine  the  tetnperature  of  the  current  of  water  at 
its  entrance  into  the  calorimeter.  ,The  tube,  F  F,  is  cemented 
{9  the  liorizontiil  tube  of  gljiss,  G  G,  which  is  cut  at  its  end,  G, 
very  ne^r  th^  junction,  so  that  the  bulb  qf  tTie  thermometer 
No,  1,  which  must  necessarily  he, in  tjie  vertical  tube,  that  it 
may  acquire  the  temperature  pf  the  current  of  water,  is,  not- 
withstanding, no  farther  distant  from  tlie  catoriiheter  than  the 
iirst  thermometer  IS  from  the  third.  The  tubcj  G  G,  Isslnrt 
by  a  stopper,  H,  that  no  water  tnay  fscape,  and' it  is  ground  at 
its  extremity,  G,  so  that  by  pressing;  it,  by  me^ns  of  two  screws, 
against  a  piece  of  leather  placed  on  the  calorimeter,  it  issoflr- 
cieutly  tight  to  prevent  any  v'atpr  from  escaping  in  that  difec- 
liOD.  Th^  water  comes  ouf.  ofthe  iralorinieier  by  the  tube, 
000,  whic^  is  capUlafv  at  it's  extremity,  P,  from  wliicH  k 
falls,    drop  by.  drop,  i  tulw,  vvbtch  serves  61 

measure  the  rapidity  of  ;  calorimeter  was  placed, 

^s  in  the  pteccdiiig  e  separate  rooiD,  that  tin 

temperature  of  the  ami  ;  jess  variable. 

The  safpe  ,  metliod  ?wed   to  determipe  the 

maximum  effect  prodi  ;Ht  of '  hot 'water.'   "The 

.^emperaturc  of  the  calorimeter  w^is  m  the  first  place  raised  to  k 
temperature  a  litj)?  bfliow  the  qiaxtmuiii.  The  current  of  n6( 
water  was  then  pfode^jfoj  ^)ass  through  it,  and  Ihe  temjxfraiuri? 
piarked  every  ten  minutes.  Whep  its  effect^  were  scariblv  ftby 
^Dger  greater,'  the  thermometer  stood  as  iii  the  followiiig  taUit, 

«  Thii  tiibe  I)  r^pmented  ifparalcly  tn  (be  plale  of  a  largfr  it«(^ 
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Temperature 
of  the  air  snr 
rminding    the 
calorimeter. 


45-9a0° 


Temperature 
of  the  calori* 
meter. 


83025* 


No.   1. 


THERMOWKTERt. 


No.  2. 


HO-gM*" 


151-28e» 


No.  3. 


145-742" 


The  temperature  of  the  calorimeter  was  then  artificially  raised 
about  1*1°,  and  the  current  of  water  made  to  circulate  as  before. 
The  temperature  of  the  calorimeter  gradually  sunk ;  and  when 
it  bad  nearly  reached  its  minimum^  the  following  observations 
^cre  made  : — 


Temperature 
of     the    8ur. 
Fouoding  air. 


45-966'» 


Temperature 
of  the  calori- 
meter. 


83-503«» 


No.  1. 


Thermomktess. 


No.  2. 


140-756* 


151-340« 


No.  S. 


145-598» 


In  these  experiments  the  current  of  water  was  siich  that' 
583*01  grains  troy  of  water  passed  in  ten  minutes. 

If  we  examine  with  attention  the  state  of  the  thermometeri 
Nos*  1,  2^  3  9  we  will  perceive,  that  for  distances  so  small  as 
those  in  our  apparatus,  the  following  proposition  may  be  consi- 
dered as  true.  When  a  regular  current  of  hot  water  passes 
through  a  vertical  tube,  if  thermometers  be  placed  in  its  centre 
at  equal  distances  from  each  other,  the  difference  between  two 
neighbouring  thermometers  will  be  proportional  to  the  excess  of 
the  temperature  of  the  water  above  that  of  the  surrounding  air. 

We  cannot  therefore  commit  an  error  of  much  importance,  if 
wc  suppose  that  the  current  of  hot  water,  in  going  from  ther- 
mometer No.  I  to  the  calorimeter,  lost  4*86  of  its  heat,  and 
entered  into  the  calorimeter  at  the  temperature  of  135'59^. 

We  ascertained,  by  experiment,  that  it  issued  out  at  the  same 
temperature  as  that  of  the  calorimeter. 

It  follows  from  this  experiment  that  «a  current  of  water 
amounting  to  583*0 1  grains  in  ten  minutes,  by  losing  52*330° 
of  its  heat,  kept  the  calorimeter  higher  than  the  surrounding  air 
by  35-283^. 

We  see  by  the  first  table  that  2196*4  cubic  hiches  of  air,  or 
723*  71.  grains,  passing  through  the  calorimeter  every  ten  mi- 
nutes, and  losing  130-347°  of  heat,  kept  its  temperature  ele- 
vated above  the  ambient  air  28-321°.  If  we  bring  by  calculation 
the  results  of  the  experiment  on  the  current  of  water,  to  what 
they  would  have  been  under  the  same  circumstances  as  in  the 
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current  of  air,  we  find  that  the  maximum  of  temperature  at 
which  it  would  have  maintained  the  calorimeter  would  have  beea 
1 15*241^  above  the  surrounding  air.  The  specific  heats  being 
proportional  to  the  effects  of  the  currents,  it  follows  that  if  the 
specific  heat  of  water  be  1,  that  of  air  is  0  2460.  A  second 
experiment  gave  us  0*253ff.    The  mean  of  the  two  is  0'2498, 

§  IL — Second  Methods 

The  second  niethod  of  knowing  the  ratio  between  the  specific 
heats  of  water  and  air,  consists  in  determining  by  calculation 
the  quantity  of  heat  given  out  in  a  certain  time  by  the  calori* 
meter,  when  the  current  of  hot  air  has  rendered  its  temperature 
stationary.  We  have  shown  that,  when  it  reaches  this  point,  it 
abandons  as  much  heat  to  the  ambient  air  as  it  receives  from  the 
hot  gas.    The  bases  of  thb  calculation  are  as  follows : — 

Our  calorimeter  contained  8586*8  grains  of  distilled  water* 
The  brass  of  which  it  was  composed  and  the  worm  weighed 
b065'6  grains.  Now  as  the  specific  heat  of  this  metal  is  0*1 12,* 
this  quantity  of  brass  corresponds  with  566*80  grains  of  distilled 
water.  There  was  besides  1652*5  grains  of  solder,  the  specific 
heat  of  which  being  a  mean  between  that  of  tin  and  lead  f  may 
be  reckoned  at  0*038.  Hence  the  solder  b  equivalent  to  62*70 
grains  of  water.  Therefore  the  whole  calorimeter,  with  its 
contents,,  contained  as  much  heat  as  9217  grains  of  distilled 
water. 

Let  us  recapitulate  here  the  result  of  our  experiment  upon 
atmospherical  air  under  the  pressure  of  29'S)22  inches  of  mer- 
cury, and  at  the  temperature  of  32°.  A  current  of  air  of  2196*4 
cubic  inches  in  ten  minutes,  by  cooling  130*347°,  lost  a  quantity 
of  heat  sufficient  to  keep  the  calorimeter  28*321°  above  the 
temperature  of  the  surrounding  air.  H^nce  it  furnished  it  in  a 
given  time  with  as  much  heat  as  it  lost  during  that  time  :  but 
it  results  from  an  experiment  of  which  we  shall  give  an  account 
immediately,  that  if  the  quantity  of  heat  which  it  lost  in  ten 
minutes  under  these  circumstances  had  not  been  supplied, .  its 
temperature  would  have  suiik  2*8793°;  or^  which  comes  to  the 
same  thing,  the  quantity  of  heat  abandoned  Ijy  the  current  u^s 
sufficient  to  elevate  the  temperature  of  the*  cafori meter  2*8793°. 

The  air  which  passed  through  the  calorimeter  in  ten  minutes- 
weighed  723*71  grains.  This  quantity,  iu  suffering  a  diminution 
of  temperature  amounting  to  130*347°,  lost  as  much  heat  as  was 
sufficient  to  raise  9217  grains  of  water  .2*8793° ;  or,  which 


*  Crawford.    Thomson's  Chemistry,  ii.  2S7,  French  (ransl. 
«  The  sprci&c  heats  of  leftd  and  tin  are  taken  from  the  Memoin  of  LaroU 
siex,  i.  130. 
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comes  to  the  same  thing,  to  heat  203*60  grains  of  watery 
i30"347**.  Hence  the  specific  heat  of  air  is  to  that  of  water  as 
203*(5O  to  7*^3*71  ;  or  as  0*28 1 3  to  1 ;  a  ratio  which  does  not 
differ  much  from  that  which  we  obtained  by  means  of  a  dimt 
<*urrent  of  water. 

It  now  remains  to  ptove,  that  if  the  heat  lost  by  the  caldrt* 
meter  in  ten  minutes  had  not  been  supplied  by  the  hot  gasj  ifs 
temperature  would  have  suiik  2*8793*^. 

We  began  by  deterinihing,'  by  means  of  the  following  cxpeH- 
UnentSy  how  much  the  temperature  of  the  calorimeter  woiild 
have  sunk,  after  having  reached  .its  maximum,  in  a  given  time, 
if  the  current  of  hot  gas  had  been  suddenly  stopped.  For.  this 
purpose,  the  temperature  of  the  calorimeter  was  raised,  by  means 
of  a  lamp,  to  about  104^.  Then  leaving  every  thing  ia  the 
same  situation  as  when  the  current  of  hot,  gas  was  circulating, 
even  ^he  tube,  F  G,  (fig.  5)  whicli  served  to  heat  the  gas,  being 
kept  full  of  steam,  but  not  piissing  any  current  of  gas  through 
the  apparatus,  we  left  it  to  itself,  and  marked  the  rate  of  its 
cooling.  By  this  method  we  obtained,  in  two  successive  experi* 
ments,  the  two  following  series ; — 


First  Series, 


Second  Series^ 


Tempcratme 

Temperature 

Time. 

of  the  air. 

of  the  calori- 

0^ 

meter. 

41  -333^ 

86-454^ 

5 

41-333 

84-412 

10 

41-833 

82-436 

15 

41-310 

80-620 

25 

41-310 

78-872 

30 

41-286 

77*216 

35 

41-194 

■'  75-652 

40 

41-103 

74-165 

50 

40-917 

71-398 

55 

40-917 

70-104 

60 

40-887 

6S-913 

65 

40-795 

67-752 

70 



40-795 

66-643 

Temperature 

Temperature 

Time. 

of  the  air. 

of  the   calori- 

(y 

meter. 

41-540° 

84-007° 

5 

41-472 

82-076 

10 

41-466 

80-227 

15 

41-30i> 

78-467 

20 

41-265 

7ei-829 

25 

41-265 

75-249 

30 

41-265 

73-778 

35 

41-286 

72-408 

40 

41-286 

7 1  '056 

45. 

41-274 

69-795 

50 

41-265 

68-610 

55 

41-265 

67-474 

Now  we  see  by  our  first  table  that  the  cdrr^tit  of  atmospfie-f 
rical  air  there  indicated  raised  the  temperature  of  the  calorimeter 
28-321°  above  the  influence  of  the  steam  tube  employed  to  heat 
the  gas,  or,  which  comes  to  the  same  thing,  above  the  influence 
of  the  ambient  air,  supposing  it  increased  by  4*5°  (the  cfiect  of 
the  steaai  tube),    Liet  us  muke  choice  in  our  first  series  of  obser-' 
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S  =  A  log.  hyp.  —  * 
in  which  S  signlGes  the  quantity  wanted ;  A,  the  excess  of  the 
temperature  of  the  calorimeter  above  that  of  the  surrounding 
cir  in  the  first  instant  of  ihc  experiment ;  and  B,  that  excess  ai 
the  end  of  pO  minutes. 

If  we  apply  tliis,  formula  to  the  numbers  stated  above,  we  havfe 
A  =c  28-321°,  ftndlj  =  23-124'',  wjych  gives  «s  S  =  5-741i'. 
We  finds  =  6'-Z760°,  if  we  make  ajsci  of  the  sejcood  series  of 
observations  of  ibe  igooljng  of  the  caloriaieter.  The  mead  of 
thosfe  two  values-  gives  ius  S  =  ST'SSG",  and  of  course  —  =p 

2'8('93°  =:the;^uaptity|Of  htat  los^in-ten  minutes,  supposing 
it  ^o  -  presert'e  always  tlje  initial  rate  .of  cooling.  I'his  is  the 
ntu^^er which .w«  ei^plfiyed  to  calculate ,tbe  relation  betweentbe 
sp^fio  heat  ofMr  and  ^Ater^ 

'; .-'l''  '  *■;  '^^  iii.~ikiifd  Mi^ihiid.i   ■ 

^Ti^e,-,^xperim(fit»..whjichwe  tb^de,  ;«ccbrding  tp  the  prpeess 
contrived  by  Connt  Rumibrd,  gives  (19  4  direct  an4  more  simple 
method  of  determining  the  specific  heat  of  air  compared  with 
that  of  water.  We  see  by  the  t^le  of  these  experiments  tjiat, 
■finder  a"prefeinre'W'29*d&l'lhches'6f'nlcr<ruyy.  and  a^  tlie"fi)m- 
■peratiire  of32<',  507y'y'<!uHic'  inthts'  of  ithlpspfiferTcal  air,  *r 
■1672^9  gttaai;' hj^htiae^^ttig  a  diaiihuiioh  of  ■•JS4-I92*'of 
^iiipBratUre,;r^6d"lKfe''icttip^l(ire  of  tfi'e  cSlorimeifer  f'i;  But 

'» 'ScePTote Sdj  iUUIe«M <jf  ^  |Mp«ft  tM  all  ftptaoMiWirf  dl^fM^U. 
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in  these  experiments  our  calorimeter  contained  8957*5  grains  of 
distilled  water..  If  to  this  number  we  add  628'56  grains,  which, 
as  we  huve  seen  above,  reprei»ents  the  quantity  of  metal  in  the 
calorimeter  we  have  9586*05  grains  of  water,  which  we  vaxf 
consider  as  containing  as  much  heat  as  the  oalorimeter.  •■  ^ 

1672*9  grains  of  air,  by  losing  154*192°  of  heat,  increase  tbfc 
temperature  of  9586*06  grains  of  water  ^^ :  but  we  find  by  the  • 
rule  pf  poportion  that  9586*06  grains,  to  be  heated  7^>  requint 
as  much  he^at  as  451*18  grains  tu  be  heated  154^19;^.  He^Ct 
the  specific  heats  of  air  aad  of  water  are  to  each  oth«*r  kf  the 
ratio  of  45M8  to  1672-9,  or  of  0*2697  to  I. 

By  the  first  method  we  found  the  specific  heat  of  air  0*2498^ 
by  the  second  0*281  S.  We  see  that  these  three  deteraiinations 
do  not  differ  much  from  each  other.  By  taking  a  meBn  of  them, '^ 
we  get  0*2669  for  the  specific  lieat  of  wr,  that  of  water* being- 
considered  as  unity.  This  being  determined,  it  is  easy,  by 
means  of  the  first  table,  to  refer  the  Sipecific  heats  df  ail  the 
gases  to  that  of  water.  Under  a  pressure  of  29*922  inches  of 
mercury,  these  specific  heats  are  as  follows :  .  .-     '  i 

Water , ,,.  ..l-OOOO 

Air 0*2669 

Hydrogen  gas .3*2936 

Catbonic  acid 0*2210 

Oxygen : 0*2361 

Azote   0*2754 

Oxide  of  azote 0*2369 

Olefiant  gas  .  i . . . , .0*4207 

Carbonic  oxide .0*^884  .  .  '^ 

Aqueous  vapour    ,0*8470  ' .'  "^ 

Section  VII.  '    ^ 

General  Ckmsideratiom.  ^     \  ■ 

We^hall  terminate  this  paper  by  pointing  oat  the.  genersj 
result  of  the  facts  which  it  contains,  and  by  o&ring  some  ob^r*  ■ 
vations  on  the  consequences  which  may  be  drawn  from  tfaem«  *     < 

§.  I. — Specific  Heats  of  the  Gases  compared  with  each  ofKer^ 

The  specific  heat  of  the  gases  is  not  the  sam^.for  .every  one^   1 
whether  we  attend  to  their  volumes  or  tljeir  weights..  .  The 
differences,  it  is  true,  are  riot  very  great  in  the  first  ppint.Qf  - 
view.     Hence,  when  very  accurate  experiqientst  are  not  rofiidey , 
it  is  easy  to  be  misled  (as  some  philosophers  have  been). into  the 
notion  that  the  gases  do  not  difibr  from  each  other  in  this  respect.   . 
We  have  not  observed  any  relation  between  the  specific  gravity 
and  the  specific  heat?  of  the  gases.     The  following  table  i^-f 
^uiScient jarpof  of  thi* V-*  ,,    ...  j  ^."    -  ..    , 


I 

f 


\^\&\         Specyic  Heat  iff  ike  different  dhes.  43r 

Specific  Heats  of 


r^ 


Equal  ^olame^,  JBqoal  weightt.         Speciflc  ^vity^  * 

Air  I........ ..1-0000 1-0000 1-0000 

Hydrogen  ..... .0-903S 12-3401 0-07S? 

Carbonic  acid  . .  .1-2583 0-8280 .1-5196 

Oxygen 0-97f>5 0-8848  .^ 1-1036 

AflEote  ... . .  .1*0000 1*0S18 0-9691 

Oxide  of  azote  .  .1-3603 ». .  .0-8878 1«6209 

Olefiant  gta  ^ 1-5530. .' 1-5763 0-988* 

Carbonic  oxide  . .  1-0340  X 1  -0805 0-9569 

•4     ' 
I 

Tbe  diSereni^e  between  the  specific  heats  of  the  gases,  wheii 
the  same  weigktt  of  both  are  taken,  is  mcMre  considemble^  ^  is 
obvious  Aoom  the  table. 

§  II. — Influence  of  the  D$nsUy  on  the  Specific  Heat  of  the  samt 

Gas. 

The  specific  heat  of  atmospherical  air  in  tbe  ratio  of  it§ 
volume,  increases  with  its  density,  but  at  a  slower  rate :  of 
eourse,  considered  in  the  ratio  of  the  mass,  it  diminishes  as  the 
density  increases. 

This  is  the  direct  result  of  our  experiments,  which  give  us  the 
i^cific  gravity  of  air,  subjected  to  the  pressure  of  4 1  '654  inches 
oi  mercury,  1*2396;  while  that  of  the  same  volume  of  air^ 
•ubjected  to  the  pressure  of  29-634  inches  of  mercury,  was 
1-0000.  Here  the  increase  of  specific  heat  is  in  the  ratio  of  1 
to  1*2396,  white  that  of  the  pressulr  is  in  the  ratio  of.  1  to 
1-3583. 

It  results,  likewise,  from  this  experiment,  that  the  ratio  of  the 
pressures  being  the  same  as  before,  the  specific  heats  of  the 
lame  mass  of  air,  subjected  to  these  different  pressures,  are  iti 
tbe  ratio  X>i  1  to  0-9126. 

£veiy  persbn  knows  that  when  tbe  ait  is  eompressed  heat  iS 
diseogfl^^*  -  This  {Aetkimenon  has  been  long  explained  by  the  . 
change  s«]:^posed  to  take  place  in  its  specific  heat :  but  this 
explanation  was  founds  upon  m^re  supposition,  without  any 
direct  proof.  The  experiikients  which  we  nave  given  sefeih  to  ut 
suflh^ient  to  remove  all  doubts  ^n  the  subject. 

JDr.  Irvine,  and  several  philoiophers  since  his  tihi^, .  have 
endeavoured  to  determine  the  real  zero,  or  the  number  .of 
degrees  that  a  %ody  tinist  be  cooled  in  or^  to  be  depri^'ed  of 
the  whole  of  its  hfttt.  He  si^t  out  from  this  principle,  that  th^ 
quantity  ctf  heat  disengaged,  dr  absbrbeS,  d^ring  the  passage  of 
a  body  from  one  state  to  anotly  r,  is  entii-ely  owing  ^  the  change 
of  Hjipacjty  wh^cb -takes  place  in  the  bod^:  and  he  coeeeived 
that  be  could,  knowing  this  change  of  capacity,  and  tfae^ynadtf 

Vox.  u.  w  VL  a  fi 
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of  heat  absorbed,  or  given  out,  during  this  change,  determine 
the  whole  quantity  of  heat  which  the  body  contained.  -Thus^ 
supposing  the  specific  l^eat  of  ice  0*9,  and  that  of  water  1*0^ 
•and  admitting  that  water  in  freezing  rives  out  135^  of  hea^  it 
has  hem  concluded  that.ther>re^l  zero  is  1350^  below  thefree^wg 
point.  -    .       -        .  .  .  ,    -     -    .       -  -  ; 

IXifiTerent  motives,  \vhich  it  would  be  too  tedious  to^  state  he;^ 
but  some  of  which  vie  $lmll  notice  below,  havj&  induced .philoeo* 
phers  to  entertain  doubts  respecting  tbe^^justiqe  pf -the  piofifples 
upon  which  this  determination,  depends.  rWcsiU'e  disposed  to 
consider  these  doubts  as  well.founjded.  At  the-saoie  tinae,  ove 
think  it  worth  while  to  exhibit  a  calculation^  of  thesaqielun^ 
derived  frona  our  experiments.  .-:.,..  - 

It  is  well  known  that  the  theory  of  sound^  founded :  on  the 
Icnowledge  of  the  elasticity  of  the  air,  gives  for  tlie  rate  of  its 
propagation  a  velocity  less  considerable  than  we  obtsgb  froni 
experiinent.  M.  de  Laplace  conceives  that  this  difiereoce 
between  theory  and  observation  is  owing  to  having  neglected  tlie 
increase  of  elasticity  occasioned  by  the  heat  evolved  in.  con^Ci^ 
quence  of  the  sudden  compression  of  air  during  the  .transQQ|isaio&' 
of  sound  :  and  M .  Poisson  has  proved  that,  to  make  the  resuiit3 
of  theory  and  observation  agree,  we  must  suppose  that  a  volume: 
of  air,  when  it  is  suddenly  compressed  by  a  force  capable  of 
diminishing  its  bulk  -rf?^^  P^^>  &^^  ^^^  ^  quantity  of  heat 
sufficient  to  raise  its  temperature  1°  centigrade  (1'8®  Fahr.)..This 
supposition  is  so  probable,  that  we  may  consider  that  measure  .of 
the  quantity  of  heat  disengaged  by  the  compression  of  air  as 
:more  exact  than  what  we  could  obtain  by  a  direct  experiment. 
We  may  therefore  employ  this  datum  to  determine  the  quantity 
q{  heat  which  ^\r  would^  have  abapdpi^ed  in  passing,  from  t)^ 
pressure  of. 29*15^4  inches  of  mercury  to  that  of  4I*(>54  inches, 
tp  bq):h  .which  ptess^^es  it  was  subjected  in  our  es^rimieQta*  We 
find  that  it  would  have  b^en  sufficient  to  have  rai^4  th^  teq^p^ 
ji'ftture  of  the'san^e. quantity  of  ^ir  54*S^.^  Now  l«t  i».  denote 
jl^Jf.  k  ^  ^h^.^l^ut^  quantity  of  heat  contained  ia  tbij^.  ffmss  of  air. 
;cprpj?re§§e4  .i  Jfeeing Jts^  spe^^  and  x  tk^  exqess/of  its 

temperature  above  the  real  zero..  I^t.^is  .d^npterl^  a.a;7tfaie. 
quantity  of  heat  contained  in  the  air  not  compressed,  a  being 
its  specifie  heat.  The  excess  of  one  of  these  ^^-quantities  above, 
the  otbenwill  be  (a  —  i)  .r ;  and  since,  according,^  the  theory  • 
of  Dr.  Irvme^  jthis  excess  is  equal  to  the  quantity  ^f  heat  dis- 
engaged during  the  change  of  state  of  tl[ie  body,,  vi^.may  repre- 
sent it  in  ^liejresent  case  by  G54*9°,  since  b  is  th^  iipecific  heat 
of  the  compressed  aur.    Therefore  (a  —  i)  a?  ==  54*96.     Tiiift 


t         ■«« 
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»  54*96 

gives  us  a;  =:  •--^.    Su1)stitutiDg  for  a  and  b  their  values  given 

us  by  experiment^  namely,  1  and  0*9126,  we  get  a?  se  57S*l^, 
If  we  subtract  fix)m  this  quantity  19*',  th^  number  of  degree« 
aboi^  S'2®  that  the  experiments  were  made,  we  get  553-9^  for 
the  number  of  degrees  of  |ieat  contained  in  ice  at  the  tempera* 
tore  of  S2^.  This  result  diflers  very  nmterially  from  what  we 
cbfiffuS  by  tj^paring  the  specific  heats  of  water  and  iee  5  but 
it  does  not  difi^r  ijiuchfipom  €75**,  which  we  should  obtain,  if, 
wi%  Dr.  Irvine,  We  cijflsidered  tha  specific  heat  of  ice  to  be 
P^S:  biit  We  again  repeat  that  we  attach  very  little  importance 
to^  this  kind  of  rea^onitig. 

The  difpculty  of  this  sort  of  experiments  has  prevented  th 
Ironi  deternrihfng  if  the  chan^  in  the  capacity  for  heat  by 
l^e^sure  be  thiet  s^e  in  all  gases.  This  is  exceedingly  probable, 
as'thefficreast?'  of  density  of  each  from  pressure  is  the  same. 
Ifence  the  opinion  ought  td- be  admitted  till  new  experiments 
demdnstr^^^'  to  the  cbritrary.  We  have  no  direct  proofs  of  it, 
however.  The  vei^  curious  experiments  of  M.  de  Saissy,  *  if 
they  arieeiact>rt!ay  wen  induce  us  t(>  entertain  doubts  on  the^ 
^subject.         ■     '  '  ' 

§  JU^r^Specific  Heat  of  the  Cases  compared  with  that  of 
Watery  and  with  diffetept  Solids  and  Liquids, 

We  cannot  make  experiments  to  determine  the  Specific  heats 
of  the  gHses"  without  remarking  that,  when  equal  volumes  are 
considered,  they  are  very  small,  compared  to  the  specific  hcafe 
of  liquid- and  solid  bodies.  The  most  eareless  experiment  is 
^sufficient  to  prove  the  justice  of  this  assertion,  which  a  more 
^xact  exaniination  fully  confirms.  Thus,  if  we  compare  the 
specific  heat  of  en  equal  volume  of  olefiant  gas  '(whtcn  undcU 
the  ^ame  Voliiide  has  the  greatest  specific  heat)  and  of  water,  we 
£ild'that  the  firit  is  only  ^^^ig-g^th  part  of  the  second. 

If  we  take  thesame  Weight  of  each,  the  specific  heat  of  the 
gaste  approaches  much  inore  nearly  to  thtft  of  the  solid  bodies, 
as  may  be  seeii  from  the  result  of  our  experiments,  whioib  we 
^here  1^'before  our  readers  : — 

-  Specific  heat. 

Water  ;....•............;....  .l-OttX) 

Air^ ;.;.....;.;... .0-2(569 

Hydrogen.,,.....;... .i8'29SG 

Carbohicacid ......d*22i0 

Oxygen • 0*2361 

*  M.  de  Saissy,  tk  philotoplier  of  Lyons,  hta  made  ezperimeoti,  ftoHi 
•which  it  foUows,  Uiat  when  gases  are  tulyected  to  a  8troii«  and  sadden  preasurfs 

Kin  biyl^  fiVe  ttttt  Ugjl^,  tti  »^ 


-^c^  only  whkh^ootftli) 
most. 
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Azotes '.0-275* 

f ,  WHt (* MOte  .... .\- .:...: .'. ; . .0-936»  '  '  -  "rJ 
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Vapdur  of  waier  ... . ; .., ; ; . •; ; v. t '.'.O***?0''. "•" ■" ''"J 


temperature  hifirher  than  2112°,  and  in  the  other  to  brin^  the 

e  «ffkc& 
ed  in  the 
lie  iq£  ait 
iac4  «tUt 
'I|kh  we 
■in  wbeii 
lerinpepls 
tQ.Mriw 
I  being 


awtyeot 
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-^  ■■■■■.■--■  _   -^  -ihai-of  waii^mifr"'' y '•■■■:•. - 

;  It  wc^ld  haif^  l«en  y^ry,iiiterestjng,(o  Jjsre  jptermiaed- ilPith 
iccuraci'  i&e,  ^specific  hgats^pf  ^pefent  yiipoufs^Jjapd  to  faave 
cintJli&Ted^^m  With  the  fluids  wtijich  tj^^.^nrof  by.|GoodeDsatiof). 
*lihe  iirodi)^u6  giiantity  of,  fie^t  disfiflgap:;^  ^nngiU^chapge  ' 

>  TbDs,  if  instead  of  applying  the  isme  quanlUy  of  heal  (o  rarae  a  nuin  of 
wrfro.Q  Se'loaiS",  it  WM  emiJujeii  to  ^iie  »lii;  If^mperafarCAf  ^  «tf  It  l^m 
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of  stateifleEuh  one  to  believe,  if  ttie  opinion  of  Irving  on  tin 
subject  bQ9d«pted,  that  th?  capacity  of  vapours  mrdftat  is  mach 
greater  tbeR-tl^t  of  .the.conespomlingiKqnidfcj  "Tti^ solution  of 
this  quesli^t^uld  probably  be  the  most 'ct^fd  meaas  of 
throwing  ^)^  ron  tfiis  iijiportant  subjtkbc  .CbtAttiAiatelyj  our 
Mperimeii1»(WftT,ery  few»,«wing  to  tbegrwf  ■*flKl6hy  of  this 
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ip  a  diminntimi  in  the  cs^pacity  of  the  new  compound  for  bea^. 
This  hypothesis,  which  is  merely  an  expansion  of  that  by  means 
of  which  he  explained  the  emission  and  absorption  of.  heat  during 
the  change  of  state  of  bodies,  is  liable  to  very  strong  objections, 
which  have  prevented  the  greater  number  of  philosophers  from 
adopting  it  j  but  which  were  not  quite  decisive,  and  therefore 
insufficient  to  destroy  the  hypothesis  entirely.  It  has.  still  seveml 
partizans.  Dr.  Crawford  adopted  it,  and  it  was  some  years  iigo 
explained  in  detail  by  Dr.  Irvine,  jun. 

All  the  facts  relative  to  the  specific  beatof  bodies  hieing 
proper  to  throw  light  on  this  question,  we  ^baU  examine  ia  this 
point  of  view  some  of  those  which  result  from  our  experMsenis. 

1.  Oxide  of  azote  (composed,  according  toDavy^  of  ^O^^SS 
flzote  and  0*367  oxygen). 

Specific  heat  of,  by  calculation  • . « .0*2404 
By  our  experiments .4 .0:53S6& 

2.  Carbonic  acid  (composed  of  carbonic  oxide  0*634,  imd  of 
pxygen  0*366,  Mem.d'Arcueily  ii.  253)« 

Specific  heat  of,  by  calculation   ..«. 0*2692 
By  our  experiments ..0*2210  : 

3.  Red  oxide  of  lead  (composed  of  lead  0*9^  oixygen  0*lj 
Berzelius,  Ann.deChim,  Ixxviii.  14). 

Its  specific  heat  by  calculation  (that?  ^.r^^Q/^ 
of  lead  bdng  0-0282) ^     ^ 

By  the  experiments  of  Lavoisier  and  7  n. a^«>9 
Laplace ^OOOZZ 

4.  Red  oxide  of  mercury  (composed  of  0*85  m^Brcory,  and 
0*15  oxygen,  Chenevix). 

Its  specific  heat  by  calculation  (that  7  /^.i^t/yi 
of  mercury  being  0*029) y  ^^ 

By  the  experiments  of  liavoisier  and  /  ^.^f.« 
Laplace  ...«.«•« ^....j 

5.  Water  (composed  of  0*87  pxygen,  0*13  hydrog«i). 

Its  specific  heat  by  calculation ..... .0*6335 

By  experiment 1-0000 

If  we  now  examine  how  far  this  diiference  between  experi^ 
ment  and  calculation  corresponds  with  the  law  of  Dr.  Irvine,  we 
shall  find  that,  for  the  three  compounds,  1,  2,  4,  tbey  enter  into 
the  general  law ;  for  though  it  has  not  been  directly  observed 
that  there  is  a  disengagement  of  heat  -during  the  formation  of 
these  bodies,  the  condensation,  which  the  element3  experience  in 
forming  these  combinations,  proves  that  such  a  disengagement 
must  have  really  taken  place.  .  This  is  not  the  case  with  the 
third  example,  the  red  oxide  of  lead.  We  ought  equally  to 
believe  that  heat  has  been  disengaged  during  its  formation ;  and 
yet  its  specific  heat  is  somewhat  greater  than  the  mean«     It  is   - 

tm^ytlm  as  the  diSnetvce  is  but  small,  and  as  it  is  derived  from 
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cxperimetits  liable  to  enor^  we  canBot  draw  from  k-a-positkie 
blijection  against  the  law :  but  the  fiftlr  case  exhU)its  an  example 
^hidh  appears  to  us  perfectly  decisive.    The  specific  heat  of 
water  by  calculation  ought  to  be  only  0-6333,  while  in  reality  it 
is  I'OOOO.    The  only  part  of  this  determination  against  which 
any^  doubts  ^*an  be  raised^  is  &e  speciBc  heat.of  oKyjgen  and 
hydrogen  gases :  but  we  conceive  that  the  methods  which  we 
employed  were  such  that  we  could  not  fall  into  an  error  with 
respect  to  these  gases  nearly  so  great  as  would  bero^^^sary  to 
liiwe  die  difference  between  experiment  and  calctilation  disap- 
jpe^f  ^  still  less  that  the  difikrence  dbould  be  on  the  other  sidcyHSs 
jUifiKi^kit  be  necessaory  to  make  our  iresults  agree  with  the  lawbf 
Irvine;   .SupponngaU  the  caiises  of  error  tp  have  acted  the  saniie 
way,  and  supposing  them  to  exceed  the  limits  which  it  is  reasqn- 
able  to  assign  them,  we  could  not  raise  the. specific  heat  of  water 
by  calculation  higher  thai\  0*800.-'  It  is. necessary,  therefore, 
iihless  we  deceive  onrselvesi;  to  abandon  the  hypothesis  which 
ascribes  the  evolution  of  heat  in  casee  of  combination  to  a  dimi- 
nution of  the  specific  heat  in  the  bpdie9  combined,  and  admit, 
with  Blacky  Lavoisier,  and  Laplace,  and  majny  other  philoso- 
pliei^,^.  the  existence  of  caloric  in  a  state  of  combination  in 
bodies.     The  knowledge  of  the  specific  heat  of  oxygen  alone 
would  l;>e>^$viEciei^otO  mduce.  lis  to  tidof^  this  opinion:  for  it  is 
so  small  ^at  It }is  almost  iiptpossihlefoffril^  to  fu^count  for  the 
great  quantity  of  heat^disengBged  durit^g  the  combustion  of  the 
greatest  number  of  bodies,  unless  we  suppose  that  this  heat  pre- 
'Viaosiy '.existed  in  a  ^Hte  of  ck)nibination«v.   Accordingly,  v  when 
the  opposite  hypothesis  was  adopted,  philosophers  were  obliged 
to  suppose  the  spedfic^heat  o£..this!gsisfifteep  times  greater  than 
it  is  in  reality.  ,     C        -    . 

We  mu$t  j)di.  suppose,  lK)W£ver#  thai  tl^re  exists  no  relation 

between  the  specific  heat  of  compounds^nd  that  of  their  con- 

stitui^ntSr  ;  Top  m«toy»fa^tsi^proveal]iid  telatipn  to  maike  h  ()ossible 

to  deny  it.     Water,  l.  in  this,  re^peci)    constitutes  the  greatest 

deviation  which  has  been  observed  j  yet  it  dpes  not  exceed  ^  of 

i  thespecifiefaeatof  ?(his  fluid.    In  general,  we  may  say  that  the 

:"'■  constituents,  of  a  body  connuunicate  to  it  their  specific  heat, 

*   This'  is  Tei?y/)bseryBhle  in  the,  combinations  of  hydrogen,  which 

1  >  ^  has  the  highest  specific  beat  of;  all  known  bodies.     The  com- 

^  >   pounds  which  it:&cm9  liave  a. -much  greater  specific  heat  than 

other  bodies.!    Hence  the  greajt^  specific  beat  of  water^  of  olefiant 

'gas^  and  of  aniinal  and  vegetable  substances. 

r^  •  -  :  .  •    .  ^   :  .  Note  Ist. 

We  eitipldyied,  ib  determine  the  quantity  of  heat  communicated 
'   to  the  calotimeter  b^  the  vapour  tube  which  served  to  heat  the  gases 


the  satBs  ^vvocMi  tt?^thiie-xl*>€ffi  gave  us  the^'  miixnMiibt  te^itoperature 
%o  which  the  csasnt^Qf  hot  ga3  brought  the  cAdcrrtmeter  We  made 
vapour  pass  thi^pugbthe  tube,  D  £,  (iig.  5)  witbout>any  current  of 
gas,  and  observed  the  rate  at  which  the  caloriafietBr  heated.  \Ve 
stopped  the  e^^.iQent  when  the  increase  o€  heit  in  the  calori- 
meter w^  bec(9Qe  es:ceedingly  slo>r.  Then  w^  miaed  the  heat  of 
the  calorimeterartiScially  about  2  degrees^  thuslxiiiskig  it  above  the 
xnaximum  pointr  aM  continued  the  experjuieBt  jti^lT*  it  had  almost 
iceased  to  sink.  "We'took  the  mean  between  tK^^afe  ttt^o  terms  as  the 
effect  produced  by^the  vapour  tube.     This  e^^rinfeiit  w?«  made 


liiean  betWcen  th^  two;  pdnofbers,  We  get  5"i8*  forthe  iiaaxiraurii 
iffeict  •ptoiUctd  by  i^e  vapbiir  tttl?e  on  the  calorimeter,.  ,Thjt 
second  experiment  gaveft/s -exactly  the' same  humtje^^^  ''  ^  -'  ' 
It xxuy.  be ^^dy  if  tjbe  ^t^arn  tube  will  commu^iii^tA.ts  much 
heat  to  the  cajprimcter  when  the  steam  ot  gas  ,i^.pc^f|ing  as  when  it 
is  absent.'  It  is  easy' to  s^e  that  it  wiU'not,  sinpe  tlie  temperature 
of  the  tube,  Hi  £^  remaining  the  same,  the  calorfme^er  is  hotter  in 
the  one  case  than- in  "the"  other :  and  it  is  a  well-knbwn  principle, 
that  when  one  body  commuhicates  heat  to  anbtheri,  the  quantity 
communicated,  is  the  more  the  greater  the  difierepce  of  tempera- 
ture between  the  two  bodies.  *  '  '  ,  .: 
'  It  is  veVy  difficult  in  the  present  case  to  deteimtne'how  much  the 
heat  Qommunicated  by. the  steasi  ttibe:  wiH  ibe  diminished,  b^-.  the 
ijK^a9P.  of  temperature  of  the  'calojritpeterj  Jt'oitanal^yii  'the 
quantity  is  so  small  that  it  is  of  little  knportan^a.  Wd )  nfKiy '  |Hp- 
bcise,  without  risl^ing-aiiy  erroor  of  impo^jtance,  (iiat  the  q^anti^  pf 
lieat  yielded  is  as  the  difference  hkweenvthe  tempa^ure  of  the 
calorimeter  and  of  the  tube,  D  E.  1^8  .diffi^reiioe  being  144^^  ia 
the  experiments  which  we  have  related,  and  producing  an  elevation 
of  temperature  amounting  to  5^58*  in  tiie  calorimeter,  this  elevation 
ought  to  be  4*5%  when  Uie  difference  bctiveen  the : temperature  qf 
the  fsteam  tube,.  D^,  and  . of- the  calorimeter  w- only  129^'f^i-m'' 
was  thie  case  in  the  expetimentd  w^bich  »e  tmadbroRr:tlie>:diieiieifkt 
gases, 

^^aT»-2d,  -'  •: 

We  detennine4  jn  tihe  foliowii^  njajmer:  >at^  :\vh4^  degree>:thej 
current  of  hot  air  inainUiried  th^  cdi^riniet^f  stptiB^arj^,     f. .  -3    r^  1 

In  consequence  of  data  furnished  by,  ^  preriminqry  id^perimeii^j 
we  rarised  the  temperature  of '  the  calorimeter,  td  76^359**.!  TBift; 
thermotneter,. indicating  Ui^  itemperatune  <>f  the  air  of't^rooin^^ 
stood  at  ^^'SS^    ■     •■  '«'    '■'    •■        •••■.•■..-  .  :,,!    <•  .  y ..;>> 

The  calorimeter  .was  then. . wip^jd ,  ^vj^.  ^s/af^y.ib^X .  no  ■  unkoown 
cause  might  ^accelerate  its  cooling,  ayndthe  cutreni  of  hp|:  gas  w88& 
made  to  pass  through  it^    Tlie'  e^cp^rii^ept  was  qohlinued  ttU  thej 
thermometer  of  the  calorimp)^,  ^»b|i$i^rv^  every  ten  misMtesi  aJuiQat.' 


*    •.' 


^'    .;r::.-.  •:    =4>4/«30^;  ;•.;.-..  ..i.iUVJ^^  r;^6*W''^ '-^'Mt^-^^^v 

^.  //      t.-.  -   ■•  44rd*l«=v.<< .  ;;.^^^-.Vi  .-i^. .  K.f.  i4S'Wi  '--f''>  ^^-^  ^-^kr 

^^ri}  V,'-.  ::  u  4*^968  if. .-v'. . * .v.^ :vg'*Jc.>.!;;i7iM*r^^3^'J^^^^^''^  ^'^f' 

^- ):,'..  ;-.     .■44'969  •.-•.  Jiy. .,;  .VV..^:;V;  te«47-^- ""•  ^'^'"--^■^^ 
Mr*  >n  M.-'-  •  44-9e9ri.^^/;':^^^^i^';^w. :;.-:-; .^76*79  >^--*=^  ^^'  ^^^-^^^^ 

»rr^nt  of  h^  air.  w|^  f^l>aji>fti^f 
.It  40Jl7t,tbe  W^t^Pviw«)4^ 


r*'''"   ^eAf^aivi^  df  "ilie  aRf.        •'    '*7Vteperaiiir«  of  the  talormittk; 

•  '     -   ':'45-i95<^j :..•;.'. 78-07S»^ 

•■•'   •'   '  45'IM'''  ""    '■    ■  '     '"•'     77'806"  ■      ■' 

4?C^  AiO   ••^••••••••.♦••••♦••.  ••//,  /  I  w.  ■   _ » 

^  The  calorimet^  during  the  last  ten  minotes,  sunk  only  0*02°.  W^^ 
obtain  tfbe  maximum  efi^ct  by  takmg  the  to^ten  ef  the  results  &r^ 
nlshedby  thetf^  t«ro.setsof  ebservations. '.  .  '       r 

The  resplt  ik,  that  xH^iamfMt  of  hofatmos^erfcal^air  tendered.: 
the.caIorimeter  st^iooar^  at  the  Iwiepemture  of  77'Sd3^i  that^^- 
the  ambient  air  b^ihg  4^17^;      '^^  -^      > '  *     ' 


'  i-" 


nWe  may  eompate  the  cobliBgiof.il  hot  body  placed  in  air  whose' 
teeiper^are  i&  constant  Jloithe  motion^of  !a>bod^,^Mv''#hic^»gO€siitt^ 
a:)Aure€)tiliiie«toifard^a:fixed  pbiult^  D^.  witka^^lDdity  ah^ayd  pro^ 

J )•'?    VT  f>'A 


hot  Kody-tibovte*  thkt  of  the'surroeihdittg  snr.    Hen<:te  #e  v^iH^ppIV^ 
to^the-mcitiioW  of'feuck'  a  body  the  ifeai^ning  on  which  isfotihd^tf  the- 
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we  should  have  S  s=  V  T :  but  it  is  not  given  immediately  by  expe- 
riment.    We  must  thereforo  endeavour  to  determine  it  by  joining, 
to  the  data  \vhich  we  have  already,  that  which  we  obtain  by  the 
knowledge  of  the  sp^ce  which  the  body  getting  out  fi'om  the  poiot, 
C,  passes  over  with  a  variable  velocity,  v,  which  at  first  is  equal  to 
V,    This  space  b  given  us  by  Experiment.    We  9hall  express  it  by 
A  -"  B  :  A  being  the  known  distance,  C  P,  and  B  the  space  that 
remains  to  be  passed  over  at  the  end  of  the  titne,  T.     For  the 
greater  convenieRce,  let  us  suppose  for  a  moment  that  it  is  the 
space  A  —  B  that  we  have  to  determine^  B  being  unknown,  and 
V  being  known.    Its  expression  will  be  rf  (A  —  x),  or  —  rfo;  = 
^dt,  X  being  the  general  expression  of  the  space  whidi  remstihs  to 
be  passejd  over  each  instant,  v  tiiat  of.  the  veiocity  atthe  atme  tim^, 
find  t  that  of  the  time  elapsed.    But  since  at  each  instant  the 
Telocity  is  proportional  to  the  space  that  remains  to  be  passed  over, 
we  may  make  v  =  ^  x,  ^  being  a  constant  quantity  which  may  be 
determined  by  making  £  A  ==  V.    We  shall hav^thea  -^  d^  =, 

Icxdty  and  •«  —  s  kdt.    integrating  ihe  sidei  of  this  eqtiatiota, 

we  obtain  —  log.  hyp.  x  +  C  ^  k  t.  To  determine  the  con- 
stant quantity,  C,  make  x  =  A,  which  suppoise  the  time,  ^,  to  be 
nothing.  We  get  —  log.  A  +  C  =  o,  and  C  =  log.  hyp.  A. 
Substituting  this  value  <^  C  in  the  preceding  equation,  we  shall 

A  "■  ■  A ■ 

have  —  log.  x  +  log.  A,  or  log.  —  z=  Jt  ^,  — r  =  c^*  (e  being  the 

nimiber  whose  hyperbolic  logarithm  is  um^ ;  x  ^  -j^  ,  and  A  — 

A 

jc  =;  A  —  ^7- .    Applying  this  equatioii  to*  the  time  given,  T,  x 

■  A 

^i\\  become  B,  and  we  sliali  have  B  ==  ^: ,  and  A  —  B  ss  A  — 


Let  us  suppose,  now,  that  B  and  A  -^  B  are  given  by  experi- 
ment, and  that  V,  or,  which  comes  to  the  same  thing,  ib,  is  unknown. 
To  discover  its  value,  it  is  sufficient  to  midceiito  oi  theequi^n, 
which  on  the  preceding  hypothesis  gave  the  vakre  of  A  —  B,  gup- 
posing  B  known  ;  or  still  more  umply  to  employ  the  equation  k)g. 

^-  ;=z  ktf  to  which  we  came  by  putting  for  x  and  t  their  valua  B 

u     ^  1     ^ 

and  T.    We  obtam  from  it  it  =  ^'  B ,  t  =  A .  ^^  B ,  and  S 

«■ '  ' ' '  ■  ■  II »   II 

.  T  X 

^  '■'  .     •   -      .1 .  ■  -        - 

=  A  log.  ~ .    We  have  seen  above  that  S  was  the  space  pajased 

over  by  the  body  with  a  uniform  velocity,  V,  during]  the  tirne,  T. 

To  apply  this  formula  to  the  cooling  of  a  hot  body,  we  must 
denote  by  A  the  excess  of  its  temperatui'e  abote'that  of  the  air  at 
the  beginning  of  the  experiment  j  and  by  B,  the  same  excess  at  the 
«nd  of  the  time,  T* 


\ 

1 


1813.]        On  tUCm^^oJ  Chmkal'Tfeprnf^ms.  :44B 


'■,'.'    I 


Essay  en  the  Cause  of  Chemical  Propdrttom,  and  on  sortie  Cir- 
cumstances relating  to  them:  togetner  with  a  short  and  easy 
Method  of  Expressing  them.  By  Jacob  Ber^^lius^  M.D, 
F.R.S,  Professor  of  Coemistiry  at  Stockholm. 

X    On  the  Relation  between  BerthoUefs  Theory  of  Affinities 
and  the  Laws  of  Chemical  Proportions^ 

SoM£  chemists  have  affirmed  that  the  existence  of  chemical 
proportions  is  contrary  to  the  principles  of  the  theory  of  affinities 
with  which  the  illustrious  BerthoUet  has  enriched  chemistry.  On 
that  ac<k)unt  they  hftve  refused  to  adopt  it.  But  if^  on  the  one 
hs^d^  the  knotrte^e  of  chemical  proportions,  which  we  at 
present  possess^  does  pot  accord  with  all  the  applications  made 
by  BerthoUety  and  by  other,  chemists^  of  his  theory ;  on  the 
other  hand,  it  is  iqcontestible,  that  these  principles ;  have  nev£x 
been  refuted,  but  are  more  and  more  confirmed,  the  more  they 
are  examined.  Chemists,  before  BerthoUet,  were  misled  by  con- 
sidering the  weakest  of  the -two  cbemical  forces,  or  affinities^ 
opposing  each  other  as  null.  .  BerthoUet  pointed  out  that  error, 
and  showed  the  effect  which  the  cbemical  mass  produces. 

BerthoUet  himself,  f^r  frotp  cjeiigying  the  possibility  of  chemical 

proportions,  has  contributed  a  good  deal  to  prove  their  existence, 

although  the  nuipbers  resultix^  from  his  analytical  experiments 

be  not  always  very  accurate.     He  has  proved  that  when  the 

elements  cease  to  oppose  eHich'Xrtherj'.  in  consequence  c^  their 

chemical  mass,  their  Combinations  always  take  place  in  definite 

and  invariable  proportions.     The  doubts  entertained  by  sopfie 

chemists  of  the. truth  of  BertboHet'js  principles  originate  certainly 

irom  the  conduct  of  some  of  his  zealous  supporters,  who  have 

extended  his  doctrine  to  cases  to  which  it  does  not  .a|^ly,  and 

have  maintained  the  existence  of  indejQmte  combinations  even 

when  the  action  of' ths  chemical  mass  cannot  interfere*     This 

opinion  no  doubt  occasioned  the  fine  experiments  cf  Proust, 

whose  object  was  to  show  that,  when  the  metallic  oxides  absorb 

more  oxygen,  they  pass  at  once  from  one  degree  of  oxidation  to 

another,  without  passing  through  the  intermediate  steps;  and  that 

what  had  been  considered  as  an  intermediate  step  was  merely  a 

mixture  of  a  perfect  oxide  with  an  imperfect  one. 

The  effects  of  the  chemical  mass  are  produced  when,  for 
example,  three  bodies,  A,  B,  and  C,  exist  together  in  the  same 
solution ;  that  is  to  say,  in  mutual  contact ;  and  wlien  both  A 
and  B  have  an  affinity  for  C,  and  endeavour  to  form  the  new 
combinations,  A  C  and  B  C,  which  still  remain  in  solution, 
and  of  course  preserve  their  contact  with  the  surplus  of  A  and 
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B9' which  exists  in  the  solution.  If  it  has  the  strongest  affinities, 
it  combines  with  a  greater-  proportion^  of  C  than  B  does :  but 
tlioHg))  the  nttritctioos  between  A  and  C  be  greater  than  those 
betwc^*!^  Rand  C,  A  is  not  abte  to  dravr  to  itself  the 'whole  of 
Cy  to  the  exchision  of  B.  In  such  a  case,  the  portion  of  C 
iottihined  with  A  to  that  combhied  with  B  wiH  be  detoi>-^ 
mined  by  the  strength  of  the  affinity,  and'  by  the  proportion 
^f  each  present  in  the  solution;  Any  person  may  satisfy  himself 
^  the  reality  ot*  this  division  of  C,  by  pouring  concentrirted 
muriatic  acid  into  a  so)utii)n  of  sulphate  of  copper.  The  solutioti, 
which  wa&  formerly  bhte,  aoqaires  a  green  colour  by  tbeaddftioot 
^  the  ihuria'ic  acid  (for  muriate  of  cop]>er  is  green)  |  and  this 
colour  becomes  stronger  the  more  muriatic  acid  is  added.  The 
cause  of  this  phenomenon  i^^tliat  the  afllinity  of  the  rnvfriatie 
acid,  though  the  weaker,  stiU' continues  to  aict,  and  act^  %tphh 
more  intensity  the  greater  the  quantity  of  that  acidpreaeiit.  i^ 
for  example,  100  parts  of  stilplmric  acid,  and '104^  parts  of 
muriatic  acid,  divide  100  parts  of  -oxide  of 'Cdpper  4etwelstl 
them)  so  that  the  sulphuric  acid  trices  80' parts  ana  the  muriatic 
20  parts,  h  is  clear  that  the  force  with  whicli  l€0  of  sulphuric 
acid  remain  in  combination  with  80  of  oxide  is  equal' to  the 
force  witii  whicl\  100  irvuriacticacid  rdma^iR  in  combination- with'^O 
of  oxide;  that  is  to  say,  that  die  two  opposite  forces  arc  ifi  eqtiiliV 
hrro.  if  any  one  of  these  combinations  should  separate  from  the 
solution^ — if  the  sulphate  of  cof)per,  for  example,  should  bejgid 
to  crystaili/c ;  the  phenomena  would  change;  A  new  fbrcbj 
crystailization,  would  be  added.  This  force  does  not  act  merely 
by  Hl)stracting  a  part  of  the  chemical  mass,  but  likewise  as  a 
positive  force,  capable  of  counterbalancing  and  of  being  couq* 
ier  balanced. 

.  It  is  obvious  that  in  all  this  there  is  nothing  incdnsisfent  with 
the  laws  of  chemical  proportions.  But  it  will  be  said  that  the 
100  i^irts  of  sulphuric  acid  combined  with  the  80  parts  of  oxide 
of  copper,  and  the  100  of  muriatic  acid  with  the  20,  are  not 
combined  according  to  the  laws  of  chemical  proportions.  It  is 
obvious  that  the  surplus  of  each  Of  these  acids  is  employed  Jn 
counterbalancing  the  surplus  of  jts  antagonist,  and  cannot,  bt 
considered  as  combined  with  the: oxide  of  xx^per.  Of  conse- 
quence, the  part  of  each  acrd  really  combined  wrth  the  oxide  i? 
neutralized  .according  to  thfj  laws^  of  chemical  proportions*  .  j 
conceive  that  this  single  example  is:  sufficient  to  show  that  the 

Ginciples  of  Bcrthollet's  theory  are  not  inconsistent  with  th^ 
fV§  of  chcoucal  proportions. 

H-  On  the  Cause  of  Chemical  Proportions*. 

Tlie  fact  that  bodies  combine  in  definite  proportions  when 
iqthcr  tofces^do  not  oppose  their  re-union,  added  to  the  observa^ 
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tien  thM  w]%eii  two  bodies^  A'ftnd  B,  dombindriiv  diffierfetlCpnH 
portions^,  the  additional  portions  of  the  one  are  always  rmukiplaf 
by  wh(Ae  niHnberSi  I,  2,  S,  4/&c.«  lend  us  toeonolude  die  exis^> 
<|H)ce  of  a-cause  in  consequience  of  which  ait  othe^'C01libiaa!tiK)ntf 
ineoome  impossible.  Now  what  i$  that  came  f^  It  is  bhvioui 
that  ihe  iin^w«r  lo  (hi*  question  must  'constitute  the  prihcifMii 
faa^isof  eliemicaltheoiy.       '•,    ...  f  tj 

;  Wheawe  reflector  this  cause  it^ppears^t  fint  evident  thtt 
h' must  be  of  ii  mechanical  natore  ;  and'wiiat  presents  itself  (Ml 
the  most  probable  idea^  and  oiost  conformable  taourexperienocv 
j$5.  that  bodies. are  Composed  of  .litofn^  or  of  moleoiilesf  wliick 
f^qmbine  I  with  1,  I  with  Q,  or-d)  4y  &c« ;  and  the  Jaws  ojf 
(;b^ical  pFopdrtions  ^seern- 'to  result  from: this  with:such  cleai:^ 
B^^uadevideAcey  that' it  seems  very  singular  that^an  idea  so 
$i(|>pleaBd  so  probable  ha3  itotonly  not  been  adopted,  but  not 
even  proposed-  before  Our  own  days.  As  far  as  I  know,  tiie 
Engli^k  philosopher^  Mr.  Johti  Dal  ton,  guided  by  the  experts 
meats , of  Bergman,  Kiohter,  Weozei,  Berthollet,  Proust,  an4 
otliersy.waa'the  first <pap$oawh6  endeavoured  to  establbh  that 
hypothe»M-'  SiE  H.  Davy  has  lately  assured  us  that  Mr.  Higgiov^ 
in  a  book  publislied^in  ij^di,  established  the  same  hypothesis.'.  I 
have  not ^en  the  woil:  erf  Mr.  Higgns,  and  can  o»ly  notice  tfaA 
circumstane«  on  the  authoriity  «>f  Dafy.f* 

Nptwithstanding^thefgreat ckai^iess andsimplicity^ which  chat^ 
T^eterite  tbis  hypothesis^  it  is  oonnectisd  with  great  difficulties^  ' 
wluch  make  their  appdaraoce  w^an  we  ^^1y  it  to  a  number  ojf 
chennical  phenonieiia. .  Tbes^  difficoltiesruaturaUy  excite  doubts 
as  to  the  truth  of  the  hypotbasts.i  'Among  the  numerous  experi'*' 
m^nts  wlpich  1  have  niade  in  : older  to  discover  the  checnieal 
proportfons  in  which  bodies  unite,  I  have  met  with  cases  when^ 
p(^witbstftnding:the«0t]ypletes^^^e!e4ient  widi  the  hmrs '.which  I 
coQceii^d  myself (Ito  have ^discolneiee|l^'? the  oonriposition  of'a<body 
<;m\d  opt.beiexpiaiiied!aioedsdi0g/4K>'th0  Jbypothesis-M'^  -nH 


die  miuimum  proportioo.     The  atomic  tbforvtwas  tiaagbt  bj  Bergman^  Cullenr. 


bodies,  in  1804  ;  and  I  believe  the  same  year  explained  ihe  subject  in  London 
in  acourseqf  iQctom^ii^liv^redAliitiitfRoyallaMituUiki.  The  ^ibject  coald 
•careely  liave  been  bruache4  sooner.  But , about  tl)^sam^  time  ;^v^ raj  Mjier 
|»ersbii<i  httA  lieeix'stniclc'''«Hlfa  ihe  hiimttf^'fo'iny  table' of  ihi^tallic  oxid^ek  pub- 
UtbtsAkLmyCkeaOsby'i  and  tlii^dAttvikid Hrtteld-haveXMr^U^Iy  i>eefi Wartld>by> 
•titers  if  Paltoo  had  missed  it.^T. 
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considerikig.  I  jshall -state  soin«  of  these  ca^es,  without,  bow-^ 
ever,  considerii^  them  sis  absolute  proofs  against  the  hypothesis, 
but  rather  as  difficulties  wMch  ^e  must  endeavour  to  surmount^ 
iQ  order  to  obtain  a  clear  and  well  established  theory  of  chemical 
proportions. 

I  shall  begin  with  a  bhort  explanation  of  the  corpusculai^ 
theory,  such  as  I  conceive  it.  I  shall  empl(^  the  word  atoms  to 
signify  the  corpuscles,  or  smallest  parts  fk  which  bodies  are 
composed.  When  I  say  the  smallest  pea  is^  I  mean  that  the^ 
cannot  be  divided  into  other  parts  still  smaller.  I  do  not  enter 
into  any  discussion  whether  matter  be  infinitely  divisible  or  not^ 
but  take  it  for  granted  that  an  atom  is  mechanically  indivisible ; 
and  of  course  that  a  fraction  of  an  atom  cannot  exist.  I  suppose 
likewise  that  atoms  are  all  splierical,  and  that  they  have  all  the 
same  size.  (This  last  circumstance  is  not  necessarily  attached  to 
the  idea  of  atoms,  but  it  is  absolutely  necessary  if  regular 
figures  are  to  result  from  their  union,  and  if  they  unite  in  defi- 
nite proportions,  even  in  the  most  complicated  combinations) « 
It  appears  likewise  necessary  that  when  an^tom  of  the  body.  A, 
combines  with  one  or  more  atoms  of  the  body  B,  to  form  a  new 
compound  atom,  the  atom  of  A  touches  each  of  the  atoms  of 
B.  Hence  a  compound  atom  is  formed  by  the  juxtaposition  <A 
several  elementaiy  atoms ;  just  as  an  aggregate  is  formed  by  the 
juxtaposition  of  diiferent  homogeneous  atoms.  But  the  differ- 
ence consists  in  this,  that  in  the  first  case  an  electric  discharge 
takes  place  of  the  specific  polarity  of  the  heterogeneous  atoms, 
which  eai^ndt  take  place  between  homogeneous  atoms.  (See  my 
conjectures  on  this  subject  in  Nicholson's  Journal  for  March 
1813,  p.  154.) 

A  compound  atom,  for  very  obvious  reasons,  cannot  be  con- 
sidered as  spherical  ;<but  as  it  is  composed  of  atoms  mechanically 
indivisible,  or  which  cannot-be  separated  by  mechanical  means, 
the  compound -atom  is  justly  as  completely  mechanically  indivi- 
sible as -the  elementarv  atom.  It  is  likewise  evident  that  an  atom 
composed  of  A  -f  3  fe  ought  to  be  greater,  and  to  have  a  diffe- 
rent figure  from  an  itom  composed  of  A  +  B.  The  former 
ought  to  have  the  form  of  a  triangular  and  equilateral  pyramid, 
while  the  latter  must  have  a  linear  form. 

,  We  may  divide  the  atoms  into  two  classes :  I.  Elementary 
atoms  4  2.  Compound  atoms*  The  compound  atoms  are  cX 
three  4]ifierent  species;  namely,  I.  Atoms  formed  of  two  ele- 
iwentary  substances  united.  We  shall  call  them  compound  atoms 
of  the  first  order.  2.  Atoms  composed  of  more  than  two  elemen- 
tary substances :  and  as  these  are  only  found  in  organic  bodies, 
or  bodies  obtained  by  the  destruction .  of  such  organic  matter, 
we  shall  call  them  oiganic  atoms.  3.  Atoms  formed  by  the  union 
of  two  or  more  compound  atoms,  as,,  for  example,  the  salis^ 
We  sbnll  call  them  comptjuni  atoms  of  th.e  second  wder. 


The  grefKtest  n^uiibep  of.9plieri<!al  atoroa  of  the  $ame  diaineter^' 
cap«Ji>le  of  tpiichiitg^  a  single  aloib  of  Ae  same  diameter^ .  is  124^ 
Heaceit  foUow3  tbali  A  4?  12  B  e^taiQs  tbe  greatest  nuiDbeif 
c|  atoins  whiidbi  alv^mpound^Ofnof  the  first  order  can  oontain^ 
If^  on  the  other  hand^  we  pay  attention  to  the  electric  polaritjf^ 
of  the^  atoBQSj  mi  ato^i  of -A' cannot  eombiAe  with  more  than  9 
aitoms  of  B,  if  the>  atom  A  +  9  B  preserve  any  part  of  the 
eliactricpolarity  wiginally:bek>nging^to  A  ;  for  example^  ojcyww- 
riaikiKidy  whiehisaoompoondof  1  atom  of  mnrii^tic  radicle 
and  8:atonis  of  exygeil,  stiU  presery^  a  part  of  the  original 
pcd^rity  of  the:radioieytby  Koeans  of  which  it  re-acts ;  while  the 
supersulf^fmr^t  9/';«i^e»ic>  of-^w^hiefa  I  shall  give  an  account  in 
tbie;f>equ^],  and  wlMi^is  oomposedof  1  atom  oi  arsenic  and  12 
atooKS  of  ^ulphuff  ha^  ik>:  other  electrochemical  re-action  than 
tbat'Of  sulphur*  V  -         ,         .         > 

.  itis  ccmtraiy  tasoundk)^  tOcTepresent  a  single  compound 
atom  jof  tberi  first  orders  «s  composed  of  2  or  more  atoms  of  A 
cp^iaed  with  i?  or  more  atoms  of,  B;  as,  for  example^  2  A  + 
1^'>B^<2  A  +  3  B,  7  A  +  7  B,^&o.:  for  in  such  a  case  there  is 
Qo  ^bstacJe^  eitheF  mechanical  or  chemical^  to  prevent  such  an 
als(HQ'|iK>m'))eiiig.divided9  by  means  purely  mechanical^  into  2  or 
more  atoiBs  of  moi^e  siitoplecotoposition*  Besides,  such  a  com*^ 
position  would:  almost  totally  deMrpy  chemical  proportions. 
Jie^(^  h^[£(M6^y  that  in  stating  tfa^  result  of  an  analysis  con- 
fflf  jxitbfy  to  the  views  of  the  corpuscular  theory,  we  must  always 
c^oniddei^onerof  tbercoi^tituents  air^nhy,  that  is,  to  say^  as  a 
^ii^le:  atom«r  What  I  ^av«  stated  h^re  appears  to  me  to  be 
ne^ssary^  conseqaen'ces^.  or  tieSections  mseparable  from  the 
theory  of  atoms,  not  one  of  which  can  be  rcjeoted  without 

cpmmi4rting:wMt  i9:<^lled^jc?os/ra(2i(;^^  tn  ad^/o*  - 

. :  r  shall  now  g^ve^an  iioeouQt  of:  ^he  difficulties  tofwhie|;x  I  con» 

ceive  the^C[fpilsc«teic  tlieoiy  i»  liable.^      .     ....  ' 

;l:.'TJt6-'fii?it':  of  (these  i^ifficulties  is,  tbenoirctimstance  that 
tliere  are^cooabtistible  bodies,  ^tIotz,  for  esiampk^ :wfaiich  utiite 
only  with  t?to  d()ses  of  oxygen,  the  Leonid  of  which  is  tmly  1^ 
times  gfieftter  than^  tbe  first.  This.' difficulty^  howtver,  is  only 
ap|i^eot^::^iI  luLve  aLready>  in^iByfotmer  memoirs  on  this 
subject,  shown  tHat,  in  aU.probabilityytt^ir  owing;  td  oUr  being 
^ill  unact]liai}ited  with  altthe  degrees  of  oxid8tioniOf<iHhieh^the 
body-  in  queaticfn  is  o^pable.  i  The  multiple  i^jimj^ies  the  tsxisfe- 
ence  of  an  inferior  degree/of  Oxidatioa  to  tha^whieh  wfe  ooosider 
as  the  minimum,  I  hope  ia:lhistoay  to  prove  the  truth lofrthis 
opinion  in  a  still  moresati^aotorymannei^  i  c  /  a  :  *    "• 

^  2.  I  think  I  have  proi^  that  when  two  oxides  combine  diej^ 
always  unite  in  such  proporticms'that  each' contains  eithei'Ki 
equal  quantity  oft  oxygen^  or  the  one  contains;  ai^qnahtit^:  Which 
is  a  multiple  by  a  -i^k^to  oumbertoftheoxygen  m  the- o^i^r. 


'  ■     ;  t  • 
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Tliis  law,  tbough  in  itself  con Formable  io  the  corpuscular  theory, 
admits,  on  the  one  side,  of  comt^inatioJis  inconsistent  with  that 
theory;' and',  on  the  other  hamd,  it  excludes  combinations  pei^- 
fectly  confommbte  with  that  thi*ory.  {  shall  explain  this  by  aa 
eatampie.  Let  O  be  oxygen,  A  and  B  two  combustible  bbdies. 
The  htw  wiiich  we  are  cons Fdering  admits  of  a  combiniition  of 
A4-  S-D-wiih  If  Bo,  because  1|  x  2  =  8:' and  wc  ihalL 
see  imnifediatbly  that  such  combinations  exist,  though,  accordirfg 
to  the  corpuscular  theory,  they  appear  absurd.'  Oh  the  other 
ha^d,  the  law  does  not  admit  the  combination  of  A  +  ci  O  with 
B'  +  'S  O,  though  ^ch  a  combination  be  confortnable  to  the 
theory  of  atoms.  The  black  oxide  of  copper  is  composed, 
according  to  ouKjiresent  knowledge,  of  I  atonb  of  ^  metal  tmd  2 
atoms 'dr  oxygen,  lind  sulphuric  acid  of  1  atom' of^Qlphur  and 
3  atoms  6f  oxygen.  We  know  that  there  is  a  siibsuf^hate  of 
copper  in  which  \he  acid  and  the  oxfde  conftain  ^ach  e()ual  quan«~ 
tities  of  oxygen.  Of  course,  this  subsulphate  mu<^t  bontam  for 
every  atom  of  sulphuric  acid  s»n  atom  ahd  a  half  of  oxide  of 
copper.  It  is  true  that  we  may  object  to  this,  that  th^fe  &  soine 
appearance  that  sulphuric  acia  is  composed  of  6  atoms  of  oxygen 
to  1  of  sulphur.  But  I  shall  have  occasion  to  discuss  this  opioion 
when  I  come  to  speak  particularly  of. sulphur.  Arsenic  acid, 
from  new  experiments  of  which  I  shall  give  an  account  in  the 
sequel,  is  composed  of  1  atom  of  arsenic  and  6  atoms  of  oxygen. 
The  yellow  oxide  of  lead  is  composed  of  I  atom  of  metal  and  2 
atoms  of  oxygen.  The  arseniate  of  lead  is  composed  in  such  a 
manner  that  the  acid  contains  three  times  as  much  oxygen  as  the 
oxide,  that  is  to  say,  of  an  atom  of  acid  and  an  atom  of  oxide. 
The  subarseniate  of  lead  is  composed  in  such  a  manner  that  the 
acid  contains  twice  as  much  oxygen  as  the  oxide ;  that  is  to  say, 
of  an  atom  of  acid  and  an  atom  and  a  half  of  oxide. 

If  we  suppose  that  the  yellow  oxide  of  lead  contains  but  6ne. 
atom  of  o]£ygen,  this  subsalt  ceases  to  be  an  objection  to  the 
atomic  theory;  but  in  that  case  we  meet  with  an  equally  for- 
midable objection  in  the  composition  of  the  red  oxide  of  lead. 

I  have  endeavoured  to  prove  that  t^  cUfferent  oxides  of  the 
santie  radicle  sometimes  ciMnbine  in  siich  a  manner  that  each 
contains  an  equal  quantity  of  oxygen,  or  that  the  one  contains 
two;  three,  &c.  times  as  much  as  the  other.  Among  these 
combinations  there  are  some  which  do  not  agree  with  the  hypo- 
theds  of  atoms:  -for  example,  the  red  oxide  of  iron  contains  S 
vohimes  of  oxygen,  and  the  black  oxide  2  volumes.  Gay-Lussac 
hftt' lately  found  thiat  the  oxide  of  iron  formed  at  a  high  tempera- 
ture- by  the  iaction  of  the  vapour  of  water  is  Qomposed  of  100 
irdlh  +  ii7'B  oxygen.  But  this  combination  of  the  two  oxides  is 
composed  in  such  a  manner  that  the  red  oxide  in  the  compound 
ix3iu«iA'^^3(aGtly-tWiQe  ajs  much  oxygen  at  the  Uack;  tbat^iata 
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aff  that  it  b  coiApowcl  df  l^-  atom  of  tbe  fint  aod  1  atom  of. 
the  secood.  One  method  oi  reluting  thia  objectioo  would  be  to 
coDuder  the  blidi  oude  of  iroD  u  cootaiiupg  4  atoni!i  of  ■ 
oxWh,  the  ltd  as  contaioit^  6,  and  the  iDtermedut*  tntidr  a^ , 
coa^Diog  S  :  but  io  tlua  caie  the  analjua  of  Gay-LtuMc  i^ 
incoirect.  He  should  have  obtaioed  36'S  of  oxygen  inrtead  (^-, 
S/'iJt. "  But  we  are  not  at  preseot  acquwDted  wtth  noj  eiam^le  . 
of  a  body  oontRiDing  5  atoms  of  oiygan  ;  and  1  ahaU  prove  in 
the  K<luel.  that  the  ojde  ia  questlcxi  cfmnot  be.  coniidered  a>  > 
pa^itular  oxide,  uQce  it  possess^  all  the  chaniAen  of  ft  com- 
pcnmd  of  the  red  aad  black  o^udes  otiron, 

S.  We  hare  Ked  that  ao  elanentarr  atom  canoot  comUiie 
vnih  more  thui  12  elementaty  atoma,  ^oortpmic  nature  has  not 
yei  presented  us  with  any  bo^  which  is  incontistent  with  thia 
EuppositioD :  but  among  orgaaic  bodies  sqch  examples  are  very 
fr^tieitt.  It  iaia  the  study  of  thecoippositioo  of  organic  bodiea 
that  our  knowledge  of  tKe  lawa.of  .cheipical  pruportioni,  end  of 
the  electrocbamical  theoiy,  will  one  day  reach  that  degree 
of  perfection  which  the  human, mind  is  Capable  of  giving  it.  I  . 
shall  giyp  the  compoGition  of  tacalic  acid  aa  an  example  of  the  - 
cons'titiition  of  an  orgauic  atom.  I  aoalysed  Uu£  acid  by  decom- 
posing it,  by  distiirmg  oxalate  of  1eB4  mixed  with  a  quaotity  of 
brown  oxide  of  Wo,  and  makipg  the  gaseous,  products  pass 
through  muriate  of  lime>  and  then  through  limewater.  I  rer 
pelted  this  analysis  widi  ao  little  raii&tion,  thnt  I  consider  my 
results  as  a  close  approxiinatioa  to  the  truth.  In  neither  of  these 
analyses  did  Xobtam  as  much  watjcr  as  aoiounted  to  a  quantity  of 
hydrogen  equivalent  to  1  per  cent,  of  the  acid  :  but  we  cannot 
conceive  an  atom  of  oxygen  to  h^  united  with  i  fraction  of  aa 
atom  of  hydrogen.  We  nuist  theiefure  consider  the  small 
quandtyof  hydrogen  which  w^  obtain  asau  entire  atom*  If  we 
admit  water  to  be  a  compound  of  2  atoms  of  hydrogen  and  1 . 
atom  of  oxygei],  apd  carbop'"  ""^'^  "'  '  "tnm  <if  carbon  and  2 
atoms  of  oxygon,  it  follows  .  the  atom  of 

oxalic  acid  is  composed  of  27  atomi  of 

carbon,  aud  lei  atoms  of  oi  htf  it  cgnaii^ 

of*,  an  atom  tii  hydrogen  con  toms. 

If,  on  the  other  hand,  we  nrgauic  atoou 

as  consisting  of  an  atom  of  abined  with  I 

or  more  atoms  of  oi^^n,  a  1  as  compofe^ 

of  an  atom  of  radicle  and  S  atojou  ot  oxygen :  the  radicle  i« 
tha(  case  will,  be  a  c(:im.^und  of  1  a^m  hydrogen  +  27  atwai 
cafbon,  and  will  remam  equally  inappticable  to  the  hypothe^ 
of  atoms,  tt  follovh,  like'wn^  that  an  atom  of  oxalic  acid  I* 
eleven  times  greater  than  an  atom  of  sulphuric,  add,  and  fifteeti 
times  greater  tbad  ad!  aii^  i^wtash :  jre^iat^.superqatdaWof  .- 

Voi..ll.  N'ViV     '  aF 
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potash  discovered  by  Dr,  WollastoD  aa  atom  of  potash  should  be 
combined  with  l.-|^  atom  of  oxalie  acid.  ' 

i  pwu  that  1  do  not  koow  how  tiiese  observations^  and  several 
others  which  it  would  be  superfluous  to  mention  here^  can  be 
Irecoociled  whh  the  hypothesis  of  atoms  :  but  it  would  be  rash  to 
Conclude  that  we  shall' not  be  able  hereafter  to  explain  these  appsb- 
xe.nt  anomalies  in  a  satisfactory  manner.  Till  that  time  conie% 
the  hypothesis  of  atoms  can  neither  be  adopted  nor  considered  as 
true.  ^  . 

I  have  already,  in  preceding  memoirs,  made  meiitian  of  aor 
other  method  of  viewing  chemical  proportionsr^a  method 
founded  on.  a  fact  discovered  by  Gay*Lussac;  oamely^  that 
bodies,  when  in  the  state  of  gases  unite  either  in  equa]  wiumei^ 
or  L  volume  of  one  combines  with  2,  3,  &c.  voluoies  of  the 
other.  This  fact  has  been  already  verified  by  several  distinguished 
chemists.  From  what  we  know  respecting  definite  prc^rtiotap, 
it  fdllows,  that  it  wQuld  hold  with  all  bodies  in  the  temperature 
and  pressure  at  which  they  would  assume  the  gaseous  form* 
Hence  there  is  no  other  difference  betweeo  the  theoi^.of  a£tocoi 
and  that  of  volumes,  than  that  the  one  represents  bodies  i^  a 
solid  form,  the  other  in  a  gaseous  form.  It  is  'cleari.  that  what 
in  the  one  theory  is  called  an  atovif  is  in  the  other  l;heory  a 
volume^  In  the  present  state  of  oUr  knowledge  the  tbe(»r/  <tf 
volumes  has  the  advantage  of  being  founded  upon  a  we£i  constir 
tuted  fact,  while  the  other  has  only  a  supposition  for  its  fotMfidft« 
Uon.  In,  the  theory  of  volumes  we  can .  figiiHe  to  ourselves  .# 
demi- volume,  while  in  the. theory  of  atoms  a  de^i-^atpm  is  aa 
absurdity.  On  the  other  hand,  the  theory  of  voUimes  hm  fi 
disadvantage  from  which,  the  atomic  theory  i^  free )  namely,  the 
t^stence  of  compound  bodies,  especially  of  an  oi^niic  naturi^' 
lybieh  we  cannot  suppose  ever  to  have  existed  in  the  form,  of  ga% 
V.I  ought  to  observe,  that  we  have  here^a^  well  as  ii>  the  \h^vf 
of  atoms,  elementary  volumes  and  compound  volumes  of  theJivM. 
and  se^dnd^order.  It  follows  from  the  laiiSiof  chemical  Lpropjtir- 
tions,  that  two  compound  volumes,  coi\taii^ng  a  como^iQn  ^qpa^, 
st]tuent,^  ought  tOr  combine  in  such  a  manner  that  thej^j^nt^ia 
either  equal  volumes  of  thi$  $i9mmon  consiitueDt,  orthiit!  the  oxi^ 
Contains  x^y  ihi^ee,  &c..  time$  the  number  ipf  voluineft  of.  tb^. 
other-  It  19  almost  demonstrated  tliat  an  eleknenta^ry-Mume: 
Q^^jcomMnes  with,  l^^volimieof  another  elemeptary  dui^fcifici^;^ 
bc^'af  preiseiit  \^  are  obliged  to  adniit  tli^t  this  sQiaelinMJ^ 
ha^pen^  with  compound  volumes; 

«'|il  the:  theory  of  volumes. we  cannot  suppose  the  combiim^oa 
^f  2  volumes  with  3,  &c.  :  for  on  such  a  supposition  there  ,caQ- 
te'&Otea^naosjgned  why  4  volumes^ould  not  conibiiie  with  .5| 
7-mkh9,  .999^ith  iOOO,  &c.:  so  that  in  such  a. case  qo  reaaoA 
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icOul<l  be  assigned  for  tbe  etistence  of  chemical  proportbn^ 
Here,  as  well  as  ib  the  theory  o(  iltoms,  it  i$  absolutely  nec^^tf 
that  in  esich  compouDd  one  of  the  bcnstituetits  should  be  coAsi- 
tliered  as  a  single  volume.  ^  •    l-^ 

'  It  is  evidetit  thftt  if  the  i^eight  of  the  voltiitib  6f  theelem«f|i 
tttty*  bodies  be  knowtr,  atd  expresi^d  ih  number^  ire^iiMVi 
tm\Atig  tiROTt  to  do  in  every  case  of  abaly^id  but  t<^  iio^iDt  thjb 
^htive  niiifiber  of  voliiin^  Of  the  ocki^titueht  pitits,'  wb&tet^i' 
the  form  of  tlieir  aggregation  may  be :  but  in  order  to  obtaih'th^ 
relative  Weights  of  the  elemeti'bry  volumes  expi^essed  in  num- 
bet^/that  is  to  say^  to  obtain  their  specific  gt-avfity  in  the  form  of 
li;  w^'tiiust  have  a  general  measure^th  which  ^e  may  icoiii«^ 
iwthfrm.  ;  We  itK^y  chuse  among  flie  elfeinentary  bddies  ofie^ 
the  weight' of  a  voHiiihb  6f  uhieh  must  be  denoted  by  unity  j 
jifttiidjvit^r  has  been  chosferit  for  unity  in  determiiiing  the  spe-^ 
dfic  grayity  of  HiqUids  tfnd  stolids.  ' 

-  •  "Fhere'Att  oiily  tWo  elementary  bbdies  jiossessed  of  the  requisitiE^ 
quarttics  to  ser\^  as  our  utiitl '«  These  are  oxygen  and  hydrogml 
Butliydfogen  has  disadvantages  from  wliich  oxygen  is  free.  Ttii 
Weight  of  a  volume  of  hydrogen  is  so  small^  thkt  if  we  empki^ 
it  ^s  dai^  unit,  the  ti^mber'  representing  a  volume  of  some  <» 
^e:'mctiils  becomes' incoriveiiiently  grean  B^sided,  hyditx^etf 
^ters  much  less  frequently  into'compoundsthan  oxygen  ;  «A^  of 
couiik!  the  number  100^' when  upplied  «>  liydrogen,  does' not 
nearly  ^o  much  fiElciHtate  calctilatioii  as  whdD  it  is  applieid  id 
dxygeb.  •  Add  that;  Oxygen  constitutes' among  elementary  bodktf 
a  particular  class^  aiidj^  a*  it  were,  the  centre  round  which  obc-^ 
ttiistry  turttt;  It  eixtst^in  the  greater  number  6f  uikorganii^ 
boUies(^  aDfd'  withdut^  exceptioiv  in<all^  the  jproducts  x^f  organic 
B^tu^e.  ItWnli,  then i  that  it  is  at  bnce-  most  convenient^  at^ 
mioit  ^agree^l^'  to  the  scientific^  views*  of  chemistry,  to  take 
OSSygdki  M  our  tmit  i    I  shall  repnisent  its  nrohrfiie  by  th^  miHil^r 

-  Tt«f  qile^iori'whlclr  we  httf e  IMW  to  -i^olte  is  this;  Wkdl  is 
thifysp6^^mnviti)'of^lv^  in'  Ihtform  ^ 
gnf^^t^f^pMfdwUh'^t  mn&en?^  Thte<questi6*&not e«ify 
mmrtt^i  format  we^t-ttt^themafeiSo otbiei^todies'excein  oij^rt 
a(hd  Hydrqg<etii^h?6h  wii  are^c^ble  of ^  we^Wug  in  the*  sttfte^^ 
gMii^^Al^mhet^bbdif^^  aheii(k)ft^rt^diirftt>iga^  at  s^  high  feifeM^ 
perMu^ei'thatlt  fe  tibt  Itt' our  p6^r«r'tb  Jiscehain  their  %cight^' 
We>m«t  thei^fdrei^ertdei»»our  tetlitcover  the  weight  pf^heii^ 
volumes  by  other  means.  Our  result*  w41i  be^  doubtless  iwf 
ttfic^rfaf^?  but  htnalf^g^thtiriBitisuccessM'^  ajl  1  liope  to  be  Alt 
tO-^sho^'iW  the' ^eqU^U-^-   '  '^-'i-  ••"  "•'   ■    '■'''  ■^'-  '■'"  ■■'    ■'••"■■•«•'     •■  ""•- 

;Iri  the  first  plnCCj  }t'appcaTsreisortab>itd  suppose  thatbodi^i- 
oiigl»t^to*<*ombine^i[r»^t  gent^ra^fy  iiS  iqiril  V6liil«fes  i^yut  ln»«a^ 
minuig  the  greatest  number  of  the  combinatious  of  elementary 
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bodiesj  we  find  tliat  those  which  are  dbtinguished  by  a  strong 
affinity  between  their  constituent  parts,  and  by  the  force  of  their 
chemical  affinity  for  other  bodies,  contain  evidently  more  tlnm 
one  volume  of  one  of  their  elements.    This  is  the  case  witH , 
waterj   carbonic  acid,   nitrous  gas,   &c.,   and,  with  very  feW 
^ceptions,  It  is  always  the  electro-negative  element  the  volume 
of  Wqich  is  multiplied.     On  the  other  hand,  in  bodies  composed 
$stinctly  of  equal  volumes,  such  as  the  nitric  suboxide  {azote), 
and  bsimmic  suboxide  {carbonic  oxide)^  we  find  all  the  negative 
properties  which  characterize  the  suboxides.    This  leads'  me  to 
suppose  that  all  die  suboxides  are  composed  of  equal  volumes  of 
their  elements.    It  follows  from  these  observations  that  the  most 
i^art  of  thie  salifiable  oxides  and  acids  ought  to  be  contposed  of 
'  xjoore  than  one  volume  of  oxygen  for  each  volume  of  raaicle. 
Experiment  seems  to  prove  that  if  a  combustible  radicle  com- 
bine in  preference  with  2  or  3  volumes  of  oxygen,  it  combines 
likewise  in  preference  with  2  or  3  volumes  of  sulphur.     If  a 
salifiable  oxide  be  composed  of  1  volume  of  radicle  and  2  or  3 
volumes  of  oxygen  ;  and  if  we  neutralize  this  oxide  by  any  acid 
whatever,   it  is  to  be  supposed  that  the  neutral  combination 
which  results  ought  to  contain  for  1  volume  of  tiie  radicle  of  the 
oxide  as  many  volumes  of  the  radicle  of  the  acid  as  the  oxide 
contains  volumes  of  oxygen ;  and,  consequently,  that  the  number 
o^"  times  which  the  acid  contains  the  oxygen  of  the  oxide  wUl  be 
tbe  number  of  volumes  of  oxygen  combined  with  1  volume  of 
tlie  nidicle  of  the  acid :  for  example,  we  consider  sulphuric  acid 
as  composed  of  1  volume  of  radicle  and  3  volumes  of  oxygen ; 
because  it  is  very  probable  that  the  quantity  of  .«ulphur  and  of 
oxygen  capable  of  combining  at  an  elevated  temperature  with  a 
given  portion  of  lead  constitute  equal  volumes.    JBut  if  we  want 
to  know  by  another  method  how  many  volumes  of  oxygen  exist 
in  sulphuric  acid,  we  have  only  to  examine  the  composition  of 
some  sulphate ;  for  example,  sulphate  of  iron  {sulphas  ferrosus)* 
The  black  oxide  of  iron  contains  1  volumci  of  metal  and  2 
volumes  of  oxygen.    It  follows,  from  what  has  been  said,  that 
the  black  oxide  of  iron  ought  to  be  neutriilized  by  a  quantity  of 
acid  containing  2  volumes  of  sulphur  fear  every  volume  of  iflon : 
so  that  the  number  of  volumes  of  the  siilrfmr  of  the  acH  and  ot 
the  oxygen  of  the  base  shall  be  equal.    But  the  acid  contains 
three  times  as  much  oxygen  as  tne  hasej^  cidnsequently,  it  is 
composed  of  3  volumes  of  oxygen  and  1:  volume  of  siilphar.  If, 
instead  of  the  sulphate  of  iron,  we  were  ti)  mate  choice  c<  the 
persulphate  of  Iron  {sulphas  ferricus),  it  Utsidit^^  that  in  such  a 
case  the  iron  is  combined  with  3  voluay^  of  sulphur^  so  that  the 
result  is  just  the  same.  '      '     .  ''  ' 

This  observation  would  be  siriSjCient  to '  determine  the  volume 
of  a  substance  whose  oxide  posk^sse^  the  characters  of  an  add^  or 
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o£  an  electro-negative  body 
exceptions  which  exist  to  tii 
stances  of  whicb  I  shall  have 
Hence  it  is  always  necessary, 
tioas,  and  to  verify  the  weigt 
tlie  result  of  the  preceding  c 
of  oxidation  of  the  substance 
example,  we  find  that  an 
aeutralized  by  a  quantity  of  1 
contains  ^  of  the  oxygen  in 
(^ontain  3  volumes  of  oxygen. 
.  radicle  of  this  acid  we  find  i 
of  tb<;,acid,  it  is  clear  that  tl 
an  exception,  and  that  the 
vohimes  of  osygen.     I  refer, 

to  what  I  shall  say  in  the  sequel  couceroing  arsenic  and  c/iror 
.   mium.  '        - 

The  preceding  observations  explain  why,  when  a  salifiable  base 
has  combined  with  more  oxygen,  it  requires  always  an  additional 
Volume  of  acid  for  eveiy  volume  of  oxygen  which  it  has  ab- 
sorbed.    It  is  for  the  same  reason  that  oxygen  appears  to  deter- 

-  .mine  exclusively  the  composition  of  bodies ;  though  there  can  be 
no  doubt  that.erery  element  contributes  equally  to  that  oompo^ 
sit(oo. 

While  treating  in  the  sequel  of  each  particular  substance,  I 
shall  -  explain  the  way  in  which  1  deJ:eriiiitLe  the  weight  of  a 
volume  of  it,  and  likewise  stftt^  t^  experiments  on  which  the 

-  calculation  is  founded.  As  none^of  our  experiments,  ntcept 
'  from,^ccident,  can  be  perfectly,  correcf,  and  as  a  small  error  m 
li  the  result  often  increases  in  the  Ct^ulatlpn,  it  isnotpos^ble 

thaf  my  deter  minatfons  can  be  perfectly, exaef*;  but  I  hope  to 

apprpaBb-  within  very  neaj^lipiitsj' at,  le|istj  of  the'truth.    The 

diSerenpe  in  the  anafyiic'a]!,iiesult'^v>;i((.p»jfii.oti(  toils  the  limits 

--  pf  (?rror,  lations 

.,  (jannotbi  liniraa 

^d  maxi  txperi- 

.     IDe^|s,l1i  ir  ex- 

■  iBiwlei  e  weighs 

'.:    201.:  bu  others 

sink  it  as  which 

[,_.  of  thesC'  1  what 

,.  limits  ,()u 

.  :    ■> -M&r  y.  and 

■  Young,  '  make 

these.  determi(i4'i<*RS  j  and  the};.i))av^  proceeded  in  a  manner 

.  .spinewhat  d^reiit.    Mc,  Dalb^^.to  wjiom  the  hoimur  of  the 

first  attempt  is  due,  dbs  endeaTOuied  to  determine  the  relative 
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botK  of  simple  aud  compound  atoms.  {New  System  of 
Chemical  Philosophy,)  Davy,  though  he  has  not  adopted  the 
atomic  theory  of  Dalton,  has  embraced  the  doctrine  of  definite 
proportions ;  and  what  Dalton  calls  an  atom^  he  calls  a  proper^ 
tiaa.  (EkmenU  of  Chemical  Philosophy.).  Dr,  Young,  in  his 
Jntrodifctii/n  to  Medical  Literaiyrey  has  made  similar  detevminar 
tions ;  but  what  Davy  calls  proportion.  Young  calls  combining 
fu€ight*  fiut  none  of  these  philosophers  have  attempted  to  giv^ 
any  great  degree  of  exactness  to  their  determinations.  They 
have  frequently  even  omitted  stating  the  experiments  from  which 
these  determinations  are  derived.  The  method  which  they  \\kve 
fidopted  of  giving  round  numbers,  though  it  facilitates  the  recol- 
lection and  calculation,  is  scarcely  consistent  with  the  object  of 
^ientific  researches,  and  ought  to  be  rejected  \ '  for  even  sup- 
posing that  perfect  exactness  could  never  be  obtain6d,~4t— is 
]tewRthdbBss  the  object  towards'  which  all  pur  ffthpsi  should  .b§; 
wected.  *  \ 

(T9  b€  coniinued,) 
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6  14.**.,  Diltp^  ,24     13    47 

8  SI  r...^Di«a  ,24  00.18 
0^  59.....  Ditto  ^4  2r  12^^ 
5  46..;..  Ditto  -      84  v.  1^5    2* 
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Ditto  7 
Ditto  .8 
Ditt<^  0 
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Ditto  15 
Ditto  17 
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8  25 
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8  25   24     is    M 
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Oct.  20.-^The  ijeedle  at  noon  vj^^i|at€dat4lmeft-siK-niiQutes  :\ 
the  next  dav  the  wiod  blew  filDm  theiSi  E^-wkJi  rain.   !  ; 

^ot;.  jll  .f-The  |Vgiriatipn  ^^traordinary^this  knorninjf,  in  th«| 
eveninf  thel-e  was  k  vjiol^t  d^w  iro|nj'?|h^,S.W/>|?«hijpB  lasted 3® 
liours^  and  the  gusts 'Were  reaiaoncabl^  &r  iheir^trfrnetii  and  fjre-[ 

quency."      '  ,— '     •  "      '  i  .'    ,;."    "  }    »     -  {  "    ? 

f  iVbv.  15.1— At  n^pn  tfie  pi^41e;jwas  st^ddy!,,|iui(til^^ 
ijain  ;  it  thdn  vibraited  fivi  mi  lotes  aha  tea! seconds.        '   .    .;     ! 

Nov.  lyi — At  ^h^  c6*mi|Hni|BiiTlent^^rth^  pow  sto^ 
needle  vibrated  cidhi  minutes  aiiid  tliiity  Se^oi^d^*         i  ,  . 


Rain  fallen 


<  Betrireen  noon  of  the  Ist  Oct. 


2  ^tyeeo  noon  of,  ihtf,  1st  Nov 


'  I  3  661  inclK 


incb«i. 


VtftporaiioailttringxtiMisanieperio^  1^020  inctoi. 


V 


-  -  -.J 


>.  ■  I 
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Articus  DC. 

.Account  of  a  Itiminous  Meteor  seen  at  Sunierfqnd.    "By.  Ktl- 
Rertaey.  ']'\ 

(To  Dr.  ThoinsoD.) 

SIR,  ■,  .  sithiifatarn*^k.  N<n.  1S,-18M. 

FflRUiT  Die,  through  the  medium"  of  youT*  Journal,  to 
Ifiy  before  your  leaders  the  following  partimtus  df  yi\aX  I 
consider  &  very  utuvmaion  phmomenoD  ;  in  the  h(^e  that  you, 
or  lODie  other  sckotiSc  Gentleman,  will  have'the  goodness  to 
sfibrd  aa  explanaiioa  through  the  same  channct.' 

OaWednesdsj-  evening,  the  lOih  of  this  nuinlh,  about  40 
tninutes  aftiji  »x,  the  mooD  having  just  riEeS,'  but  was  not 
vkible,  owing  to  a  very  dense  cloud  (whose  altitude  was  7"),  the 
most  opuque  1  ever  recollect  to  liave.  seen.  Ftom  behind  this 
cloud  then;  appeared  a  strMun  of  light,  which  extended  across 
the  bemiephcie,  and  so  dense  that  y  iii  Pegasus,  and  <z  in  Aquila, 
were  obscured  by  it ;  the  edges  of  which  at  intervals  diverged 
into  lines,  dimiDiihing  its-breadth:' but,  that  1  may  aSbrd  a 
more  perfect  idea,  I  shall  give  its  extent  by  the  stars  that  ap- 
peared in  or  near  the  northero  and  southern  edges : — 

On  the  Northern  Edge. 
TauTos,  Aria.  Pcgaivs,  Dolphin.  A^"'^  ~. 


On  the  Southern  Edge. 

Cetoa.          I^iKCf.          Ptfaaiii. 

P. 

It  was  obscnred  Lv  a  dark  clou9.ui-^ai|T)iHPoQiatpif^,  ^ 
eitu  rpentajrius  to  t>w.^rizon. 

1  ra'I'homBs  Jpn^  E^.  a  Gsntleman 

of  icQuJi^ment^  who  possmes  a  y^ry 

CXL-  pbiloso^ititcol  appar^s  (to  yi^pf^  1 

^m  fur.their  UK;);  aqd  althovgh,.4e  vas 

at  I  [  found  that  betbre  he  could. com^.  to 

the  door  this  luimeuse  volume  of  light  had  lost  mii(;b  oi  its 
lustre,  and  was  so  reduced  in  substani^e  tjiat  r  ia  P-^;rsu»  now 
became  visible  near  the  ce,ntre.  Mr,  Jooe^-observ^,  that  be 
'  "had  seen  many  uncommon  phenomena,  of  nfi^rej, but  none 
like  the  present."  Its  duration,  1  believe,  xiiA  .not  exceed  six 
minutes }  for,  at  the  time  I  first  saw  it,  I  cliiiik  it  was  iiuta  in  its 
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greatest  splendour,  hat  ia  about  three  miniita  It  entirely  disap- 
peared. 

In  the  north  the  Aurora  Borealis  was  faintly  playing,  from 
which  to  the  south  the  heavens  (exc^t  the  doud  Wfore  albdad 
t[>,  aiid  a  cloudy  horizoa)  were  cWr,  and  had  the  appearance  of 
fros^  weather.  The  wind  at  the  time  was  easterly,  and  much 
nun  had  feUcn  during  the  day. 

I  am  of  opioioQ  that  thi>  phenomenon  could  not  be  caused  by 
tiu  iabove-tncotkned  dOod  concentrating  the  rays  of  the  lising 
sioqu }  Ear  if  it  hat^  it.oMild  not  have  Caused  it  either  to  ^tepd 
aCFOGs  tlie  vrhoh  bcmi^diete,  Dorto  have  had  thai  dennty  whteh 
thjs:po»s8ued :  and  at  'the  saaie  time  I  vaatfiiaaark,  ttlat'tke 

oB)o<u  WIS  not  the  centre;  btH«:o»i«ferriRg  to-a  celcAifli-gtofifc, 
will  be  found  to  have  been  tothe^-QovtH'  (rf  it)  coils^ue^If1^^ 

,  ilhe  oKipn  bad  caused  -this  lunthtous  appcaraifte,  it^Ouldtiave 
itan  ia  a  diffitceal  direction ,-  besides,  the  stream  of  figlit  wa^ 
not.  ia  a  jigia  Una,  bat  rather  bearded  tcf'the  north. '  - 

•..:    •  lam,  with  much  respect,  Sir,-  ->■■: 

.  ,'.  Your  most  obettieDt  httf^k'strrai)^  - 

'  R<n£KT  nmrrrKt.' 


'  Al^ALV%£S  OP  360KS. 


A  short  Account  of  ^Ixperimepts  and  Instruments  depending  oa 
ike  Relation  ojAk  te  Heat  and  Moislure,  Svo.  By  Sobn 
Leslie,'  F.K.S.E.  I^ess^  of  ,!t|gkthe|^tic8  in  the  Uoiverai^ 
of  Edinbui^h.  '" 

Mr.  Xj^lie  has  already  gained  con»aerable  reputation  by  his 

curio  US- experiments,  on  theefiectof  surface  on  the  rate  of  cooline 

or  heating,  whi 
:.freBtt(yt11ttletW 

and  e£Fec«  6f '. 

''rttion,  thetfrjoi 

-  *ieing  co1dt»y 
-m<nt»- which  he 
bo<*  is  Writtert 

csnjsdgff,  the  I 

■  «*her  literary  pi  » 

accnracy'  of  «r  t 

ceremony '  (as  hA  always  been  his  habit)  any  topic  which  atrtlics 
ills  fancy,  whe^er  it  bears  upon  the  subject  in  i»nd  at  wt. 
Ptahaps  the  subjeefei  trtitted  of  in  ttus  work  are  of.  so  unconnected 
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a  nature,  that  they  were  not  easily  susceptible  of  a  better  ar« 
rangemeiU  than  our  author  has  given  them  :  but  there  was  ^. 
Tery  obvious  inetUod  of  destroying  the  want  of  connection  which 
always  looks  ill  in  a  philosophical  work.  The  book  might  have 
been  divided  into  as  many  chapters  as  there  were  subjects  dis- 
cussed. This  would  have  rendered  the  whole  nvuch  more  per- 
igpictious  and  entertaining;  and,  I  am  persuaded,  would' nave- 
made  the  book  much  more  generally  read  than  it  will  be.  In  its 
present  state  it  is  best  adapted  for  those  who  are  already  pretty; 
well  acquainted  with  the  doctrine  of  beat.-.  JHad  it  been  divided 
into  chapters,  it  would  liave  been  easily  upderstood,  so  perspicur^ 
ously  is  it  written,  by  every  person  in  the  least  curious  about- 
such  subjects.  In  my  analy^s  of  the  book  I  shall  take  the  li^rty 
(Tor  the  sake  of  my  readers)  of  supplying  Mr*  Leslie's  oinissjjiQnj 
.  and  dividing  it  into  its  various  he^ds.    .  ;  ..  ; 

I.  Sketch  of  tlie  Facts  respeciingMeai. — Mr,  f^lie,  with  the 
greater  number  of  philosophers  of  the  present  day,  t;hi^ks  that 
the  phenomena  of  heat  are  best  explained  by  considering  it  tQ.b^t 
a  fluid  of  a  very  peculiar  nature^  either  thc.same  as  that  ^which. 
produces  light,  or  a .  modification .  of  it.     He  gives  us  a  sbor^-^ 
sketch  of  the  facts  known   respecting  the  conducting  powei  ofj 
different  bodies,   and  their  different  capaci:ties  for   heat.    .He 
adopts  135^  for  the  latent  heat  of  water.     This  is  the  numbisr; 
which  Mr.  Cavendish  informs  us  he  obtained  by  his  own  experi"* 
inetits.  From  the  well-  known  accuracy  of  Mr.  Cavendish^  thj^rc 
is  every  reason  to  believe  that  his  number  is  entitled!  to  be  pf er 
ferred  to  140°,  the  number  which  Dr.  Black  deduced  from, 
experiments.     x\t  the  same  time,  it  were  to  be  wished  that  Mr., 
Leslie  had  informed  us  of  the  reason  which  induced  him  to  adopt 
165^  in  preference  of   140°.     Did  he  repeat  the  experiment, 
himself^   and  obtain  135°?     Or  did  he 'rely  solely  uppa  the 
authority  of  Mr.  CavcndisJi? 

Mr^  Leslie  accounts  for  the  iieat  evolved  during  combu3tioii 
by  ^he  change  of  capcity  which  the  substances  concerned  in 
combustion  undergo.    Thus  when  charcoal  is  burnt,  the  oxygen, 
of  the  air  is  changed  into  carbonic  acid ;  and  the  superiority  of> 
the  capacity  of  oxygen  gas  above  that  of  carbonic  acid  is  the 
reason  of  the  enormous  quantity  of  heat  evolved  during  the. 
comliusiion.     This  is  the  niode  of  explanation  which  was.  first, 
given  by  Dr,  Black,  and  afterwards  adapted  by  Dr.  Irvine,  and 
Lavoisier,  and  Laplace.     1  endeavoured  about  ten  years  ago  to 
show  that  it  was  quite  inadequate  to  account  for  the  phenomena; 
and  I  still  corsidcr  my  arguuients  as  perfectly  conclusive.     The 
new  experiments  of  Bcrard  and  Delaroclie  on  the  specific  heat 
of  the  gHses  put  the  inadequacy  of  the  explanation  adopted  by 
Mr.  Leslie,  and  the  philosophers  just  named,  in  a  very  striking 
ppijat  of  view.    The  specific  heat  of  oxygen  gas  is  Q'2361}  wl^\ft, 
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that  of  carboDic  add  is  0*2-210 :  so  that  the  oxygen  has  a  specific 
heat  ill^th  parts  higher  than  the  carbonic  acid.  Let  us  suppose 
9  pound  of  charcoal  consumed.  From  Lavoisier's  experiment) 
it  appears  that  the  heat  evolved  is  sufficient  to  melt  96^  lbs.  of 
lice.  Now  this  (supposing  Mr.  Cavendish's  estimate  correct)  fe 
equal  to  13027-J-  degrees  of  heat.  The  oxj^gen  consumed 
amounts  to  2-8  lbs.  nearly :  so  that  each  pound  of  oxygeuj  wheii 
changed  into  carbonic  acid,  must  have  given  off  3428  degrees; 
Here  a  cliange  in  the  specific  heat  amouritihg  only  to  -j-g^,  of 
not  quite  .^d  of  the  whole,  Occasioned  the  escape  of  342^ 
degrees.  Such  a  conclusion  cart  only  be  adopted  if  we  suppose 
the  absolute  quantity  of  heat  in  the  oxygen  gas  to  amount  to 
147404  degrees.  'J'his  supposition  exceeds  the  estimate  of  Dr. 
Crawford  nearly  100  tinics;  and  it  is  more  than  ten  times  greater 
than  that  adopted  by  Dalton.  No  person  can  believe  that  oxygen 
gias' contains  so  much  heat.  Of  course  the  supposition  that  the 
'  heat  evolved  during  combustion  is  owing  to  a  change  of  capacity^ 
liberely  cannot  be  defended.  If  heat  be  a  fluid,  it  must  enter 
i^to  chemical  combination  with  certain  bodies,  and  the  deeom- 
•  position  of  these  cothbinations  must  be  the  cause  of  the  heat 
ervplved  during  combustion. 

'Mr.  Lille's  notions  of  the  capacity  of  the  different  gases  fbr 
hedt,  a^  stated  in  this  treatise,  are  much  more  accurate  than 
thosit  6f  hjs  predecessors,  though  they  do  not  agree  with  the 
results  obtained  by  pelaroche  and  Berard.  Thus  he  makes  the 
sp<^citic  heat  of  hydrogen  gas  about  10  times  greater  thaii 
cbron&fori  air.  Delairoche  and  Berard  make  it  rather  more  than 
12  ^tim^  greater. 

II.  Evaporation.-— The  facts  stated  by  Mr.  Leslie  respecting 
evaporation  ai*^  curibds,  and  some  of  them  are  new.  '  What 
struck  the  as  the  most  novel  and  important  of  his  discoveries  on 
this  subject  is,  that  the  rate  of  evaporation,  iike^that  of  the 
es<rape  of  heatt  from  bodies,  depends  uplon  the  nature  of  the 
surtacej  or  that  the  escape  of  water  by  evaporation,  and  the 
escapie  of  heat  frt)m  the  surfaces  of  bodies,  depend  upon  the 
same  law.  Watei?  evaporates  fastest  from  those  bodies  that  allow 
beat  to  esic^ipe  Ikstest,  and  slowest  from  those  that  allow  heat  to  ' 
escape  slowest ;  and  it  follows  exactly  the  same  rate  as  the  escape* 
of  the  Iveat.  Hence  from  the  surface  of  glass,  charcoal,  or 
p&per,  water  evaporates  much  faster  than  it  does  from  metals. 

it  Would  appear  from  this,  that  it  is  the  radiant  heat  chiefly 
|hat.de6asi6hs  evaporation.     Probably  the  heat  that  escapes  by 
tiji  conducting  power  of  the  neighbouring  bodies  is  acted  upon' 
bj^tlie^dflitiity  of  these  bodies,  and  on  that  account  cannot  com- 
bine with  the  moisture,  and  convert  it  into  steam. 

Another  important  fact  with   which   Mr.   Leslie  ntakcs  ui 
acquainted  is  the  rate  at  which  the  capacity  ot  air  to  retain' 
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vapour  increases  with  its  temperature.  AccoteUng  to  htm,  this 
Capacity  is  doubled  for  every  2?  degrees  of  heat  added  to  air. 
Air  at  the  temperature  of  32°  is  capable  of  holding  yW^'h  of  i« 
wei^t  of  vapour,  at  59"  it  becomes  capable  of  holoio^  ^^tti 
part,  at  86°  -^ib  part,  at  !13°  i^th  part,  aad  at  i4Cr  ^tfc 
part.  These  estimates  do  Dot  agree  with  those  previously  given 
by  Mr.  Dalton,  from  whose  table  it  appears' that  the  quantity  of 
vapour  which  air  can  contain  increases  at  a  greater  rate  than  Me- 
'  Leslie  makes  it  do. 

Mr.  Leslie  adopts  the  old  opinion  respecting  the  atate  of 
vapour  in  the  atmosphere.  He  conceives  that  it  is  held  in  solu- 
tion by  the  air  precisely  as  salt  Is  by  water.  He  does  not  inEoTm 
us  of  the  reasons  that  induce  him  to  adopt  this  of^aioa :  but  the 
result  of  his  own  experiments,  if  lie  had  attended  to  it,  would 
have  sTiown  him  that  the  supposed  analogy  between  the  solvent 
pmver  of  water  and  air  doe?  not  in  reality  exist.  The  solvent 
power  of  air,  he  says,  is  doubled  by  every  additional  27  degrees 
of  heat.  But  can  any  case  he  produced  in  which  the  solvent 
power  of  water  increases  in  any  si^milar  proportion }  I  believe 
lot. 

Mr.  Leslie  in  this  part  of  his  book  makes  us  acquainted  with 
«  number  of  instruments  whidi  he  has  invented  for  different 
nuiposes.  The  great  principle  upon  wluch  these  instiumenta  act 
18  in  most  cases  th«  same,  thou^  t^e  information  wliicb  they 
convey  be  different.  This  is  probabjy  the  reason  why  they  have 
been  described'  all  together.  It  would  have  been  better  if  each 
mstrutnent  had  been  described  in  a  separate  chapter,  or  at  least 
a  separate  section.    These  instruments  are, 

t.  The  hygrometer. — Tiiis  instrument  is  merely  the  differen- 
tial thermonieter,  having  one  h^l  cbvered  with  bibulous  paper 
and  silk,  and  the  other  made  of  coloured  glass.  The  paper  is 
moistened.  The  evaporation  of  this  water' produces  cold,  and 
this  cold  increases  with  the  rapidity  of  the  evapohition.  Now 
this  rapidity  depends  upon  the  -<;otepftrativi^~dryiiess  of  the  sur- 
rounding air.  Hence  the  k>Wer*fhitiie[uid' ftlfe  h^  the  tube  of 
the  hygrometer,  or  the  greater  cold  pFodu<*d, 'Ihi?  drier  is  the 
Mr.  Mr.  Leslie  gives  us  a  curious  coUeetftJaef'ttcts  obtained 
,,    by  his  observations  with  this  instrumenf.'  '   " "  ' 

2.  The  Pyroscope This  is  an  instrument  for  j[p,|pBsuriDg  the 

intcnshyof'a  fire.     It  is  in  diflereptial  therniometer 

with  one  of  its  balls  covered  teal,  whil^  the  other  is' 

naked.     The  fire  heals  the  n  bi^t  n^l.thft  silvered  li  1. 

Hence  the  liquid  in  the  ti  r  faUs'^cfprdmg  to  ,  ae 

intensity  of  (he  fire,  and  of  ks  that  intensity. 

3.  The  Photomeler.^~l\\\%  is  the  differential  thermometer, 
having  ohe  of  its  halls  of  colourless  glass,  tte  other  of  black 
g]BS3.     The  light  ptoAuccs  no  effect,  Mijon  the  transparent  ball. 
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butithe^ts  the  black ^  ball  according  to  its :  intensity.;  ^d  thia 
heat,  by  depressing  th'i  liquid  iii  tlie'tube,.  nj,jy:ks'the  intensity 
of  the  light.  Mr.  Leslie  has  given  a  curious  and  valuable  col- 
lection of  facts  established  by  means  of  tliis  instrument ;  some 
qftheth  ptiblished  long  ago  in  Nicholson's  Journal ;  others  new., 
t  should  have  been  sorry  had  these  curious  facts  been  omitted, 
wWIdij  in  strict  propriety,  they  ought  to  have  been,  as  they  have 
nl5)'cctencctfOn  whatever  with  the  subjects  which  the  book  pro- 
fe^es*tb  treat  of. 

4.  The  Atmometer. — ^This  instrument  has  been  already  de- 
licribed  iii  the  Annals  of  Philosophy^  vol.  i.  p.  467.     It  is  an 
imperfect  instrument ;  because  it  gives  us  no  immediate  iofor.- 
mation  by  inspecting  it,  as  all  the  other  instruments  do.    We 
must  observe  it  twice  in  succession,  and  know  the  time  between 
the  two  observations,  before  we  can  draw  any  conclusions  from  it. 
6.  Ivory  Hygrometer. — ITiis  instrument  has  also  been  de- 
scribed ill  the  Annals  of  Philosophy y  vol.  i.  p.  468.    The  con- 
struction of  it  is  highly  ingenious,  and  does  credit  to  Mr.  Leslie's 
inventive  powers  :  biit  it  is  frorh  its  very  nature  imperfect;  and 
is  always  liable  to  alter  by  time.     TTiese  imperfections  were  not 
unknown  to  Mr.  Leslie,  who  points  them  out  with  great  can- 
dour. 

in.  Drying  Poiver  of  different  Bodies. — Mr*  Leslie  took 
different  earths  and  various  other  bodies,  dried  them  well  bef(»t^ 
the  fire,  and  then  put  them  into  well  stopped  phials.  By  putting 
a  little  of  each  into  a  large  glass  bottle  along  with  a  hygrometer, 
he  ascertained  the  d^ee  of  dryness  which  it  produced  in  the 
air..  These  results  arc  curious,  and  unexpected.  They  are  as 
follows: — 

Alumina  made  the  hygieometer  stand  at.  .84^ 

Carbonate  of  magnesia  .«.,  • 7^ 

Carbonate  of  lime .70 

Silica 40 

Carbonate  of  barytes .32 

Carbonate  of  stroutian 26 

Pipeclay 85 

Greenstone 80 

Sea  sand  with  shells 70 

The  degree;  of  dryness  produced  by  the  different  soils  he 
found  proportional  to  the  fertility  of  the  soil.  Hence  he  con- 
jectures that  the  fertility  depends  upon  this  property.  There  can 
be  no  doubt  that  the  fertility  of  soils  is  very  much  connected 
with  the  power  which  they  possess  of  retaining  the  proper  degree 
of  moisture. 

Connected  with  these  curious  results  are  the  following : — 


HM  Anatyxs  of  Books.  pDiMI. 

100  grains  of  ivory  attract  from  the  air  7  grains  of  hunaidity 

boxwood   •....••14 

down    \(\ 

4 

wool 18 

beech 28 

/  There. is  little  difference  betw^n  the  effect  produced uppn^the 
dnness  of  air  by  the  pure  earths  and  their  carbonates ;  but'ithy^ 
effect  is  greatly  diminished  by  heating  the  earthy  bodies  red-W* 
..  IV.  Cold  produced  by  Rarefaction^  assisted  ly  the  absorliing 
^jower  of  Sidphuric  Acid. — Mr,  Leslie's  method  of  fr^ezii^ 
water  by  placing  it  under,  the  receiver  of  an  air-pump  in  aswU 
▼essel,  while  the  greatest  part  of  the  bottom  of  the  receiver  isr 
occupied  by  a  shallow  vessel  of  sulphuric  aeid)  and  exhausting 
tibe  receiver,  is  known,  I  presume,  to  most  of  my  readers. ,  By: 
drawing  out  the  air,  the  rate  of  evaporation  is  accelerated.  IThe 
sulphuric  acid  absorbs  the  vapour  as  fast  as  it  i^  formed. ,  Thus 
the  evaporation  is  continued  without  intermissuM.    The.QQld 
produced  is  sufficient  to  freeze  the  water  in  a  very  short  time  s. 
mdeed,  it  is  so  great  that  Mr.  Leslie  has  even  froxen  mercury 
by  means  of  it.    Mr.  Leslie  describes  the  different, experiments, 
which  he  has  made  on  this  curious  subject  at  considerable  lengthy 
explains  the  theory  of  the  congelation,  poLnrts  out  the  proper 
i^ethods  of  proceedings .  and  the  variousi  Importapt  pi^rppse&tOi 
wliich  die  process  may  be  applied^  This  part  of  thc).l;N9fc4( .^  ^f^- 
interesting,  apd  highly  deserving  the.^atteiition  pf  all  cMsjsieSr  of; 
readers.    Indeed,  the  many  valufible  practical  lof^repc^  lyfaieb 
the  author  draws  in  different  parts  pfJiisi^ook,,a94;^h^jnanyj 
useful  purposes  to  which  he. conceives  bisinstranv^nUiimay  be, 
applied,  give  this  little  treatise  a  claim  upoa:  the;  a^t^^tigiv,Qjftber: 
nation  in  general,  and  entitle  the  author  to  the  tiha&)^,jnipit  only; 
of  men  of  science^  but  likewise  of  our  man^facfurers  ^njd  agri^* , 
culturists.  Mil 


The  Philosophical  Transactions  for  1B13,  part'  ii.^  ai%  pnb^ 
lished :  they  shall  be  noticed  in  a  suteeqiieiu  Nutabbri<af'tii«^^ 
Jtnnals  of  Philosophy.  .  V:h  v:'o  ,  yy}: 

The  Memoirs  of  the  Imperial  Academy  of  Sciences  of  St.  i 
Petersbuigh  for  1809,  1810,  and  1811,  have  been  receipted  fti 
London :  the^  shall  be  likewise  noticed  id  la  ftrtute  Numbey  of 
the  Annals  oj  Philosophy^  .  .     '      ;  = 


i,    f.         ...  .  -V 
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ROYAL  SOCIJiTY. 

'  The  Royal  So(HetyfetJmeditrm  TTrarsdiy;  fheHlth 

df^Noverabef.  A  de^ription  of^a  sfiding*  scale  of  ch^midi 
cqwvalents,  contrived  by  Dr.  WollastonV  was  read.  This  cqii- 
trivanceis  distinguished  by<al!  that  sagacity  which  characterfe^ 
Dr.  Woliastoh,  and  eahttot  i)ut  WhighJy  useful  to  the  practicdL 
^miait.  ■  It  JS  not  easy  te>  rtfnder  the  nature  of  this  contrivance 
rntelli^ible  wiUidiit  an  €ltt|^ra¥lng,  whi^h  1  do  hot  consider  myself 
at  liberty  to  give  4^1bre  th^'puWicatioh  6f  the  paper  in  the  Phi-  . 
lo^phieal  Trarisbctioh^ ;  •  but -the  followfng  observations  will 
pierhaps  smuggest  some  idea  of  ^it  to  those  who  are  interested  ia 
practicalchemistry.  ' 

It  was  first  oljserveU  by  Riehter  thiat  when  two  neutral  salts  are 
made  to  decOnfipose  each  dther^  the  Beutrality  of  neither  is  ds- 
turbed.    Thos  ifyoil  dissolve  lOO'^ains  of  sulphate  of  potash 
lA  water,  atid  potK*  into  the  solution  muriate  of  barytes  in  sufl5* 
cient  quaTitfty  to  decompose  the  whole  of  the  sulphate,  two  netr 
neutral  salts  will  be  formed,  fiartiely,  sulphate  of  batytes  and 
muriate  of  potash/.'  If  into  the  mtiriate  of  potash  thus  formed  e 
sufficient  qtiafttily-  of  nitrate  of  silver  be  dropped  to  decompose 
it,  two  new  lieu tm4  salts  will  be  forn^ed,  namely,   nitrate  of 
pota^aftd  muriate  of  silver. '  Thus  the  same  weight  of  potash 
his  beely  united  iti^'uceessJon  with  sulphuric,  muHatic,  and  nitric 
acidsL  "The  wefgftt  of  barytes  that  neutralized  the  muriatic  acid 
neutralized  Kkcwisie th<^ ^i^^ht  of  stilphuric  acid  combined  with' 
tlifi  pc^h  wMtrh  4iad' neiit^alized  the  sulphuric  acid.    These' 
6biemtio*hs  oF^Richfer  weiie  stiH  farther  generalized  by  Ber-  ' 
thollet;  but  it  is  to  Dalton  tliat  we  owe  the  full  geneialization ' 
of  the  facts,  and  the  explanation*' of  them.     He  supposes  that 
bodies  imtte  atom:  to  atc^,  atid  showed  how  the  weights  of  the 
atoms  pf  bodies'  might  be  determined.     This  subject,  having  . 
been  already  explained  at  considerable  length  in  the  Annals  fif. 
Phiiosopfvgi^  need  not  be  farther  insisted  on  here. 

,Dn.  Wo^lkston  has  divided  the  slider  of  a  scale  into  the  loga«  'i 
rithpoiQ  ;§pa£e$^  from  lOto  320,  by  a  method  familiar  to  all  who  .. 
are  acquainted  with  the  nature  of  logarithms,  or  in  a.similarw. 
manner  as  the  line  of  numbers  is  laid  down  in  Gunter's  scale. 
He  considers  10  as  representing  the  weight  of  an  atom  of  oxygen. 
On  both  sides  of  the  scale  he  has  written  the  su!)stances  most 
familiar  to  chemists,  viz.  the  acids,  bases,  water,  and  principal 
jalts,  each  opposite  to  tlie  number  on  the  slide,  which  corre* 
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sponds  with  the  weight  of  an  atom  of  it.  Suppose  now  we  want 
to  know  how  much  oxygeii  (XHubines  with  2Q0  mercury :  bring 
200  en  the  slide  opposite  to  mercury  on  the  scale  ;  then  o?er 
against  oxygert  on  the  slide  will  be  found  16,  the  quantity  of 
oxygen  required.  Suppose  we  want  to  know  bow  much  oxide  of 
copper  combines  with  60  of  sulphuric  acid :  bring  sulphuric  acid 
opposite  to  60y  and  we  shall  find  over  against  oxide  of  copper 
61,  the  number  required.  The  Sliding  Rale  is  fitted  to  aiuwer 
an  infinite  number  of  similar  questions. 

Dr.  Wollaston  determined  experimentally  the  composition  of 
nitrate  of  potash,  and  found  it  composed  of  6S  acid  +  59 
potash.  His  scale  is  referred  to  carbonate  of  lime,  wfejch  be 
considers  as  the  most  exact  standard  of  comparison  that  can  be 
obtained. 

On  Thursday,  the  1 1th  of  November,  part  of  the  CrooiKfali 
lecture  on  the  Li/luence  of  the  Nervous  System  on  Muscular 
Motion^  by  B.  C.  Brodie,  £^.  was  read.  This  lectnre  bcgui 
with  a  short  historical  account  of  the  £Eicts  and  opinions  of  foroier 
physiologists  on  this  subject.  The  author  then  related  a  number 
of  experiments  which  he  himself  instituted  still  farther  to 
advance  the  subject.  He  found  that  after  the  destrudion  of  the 
lower  part  of  the  spinal  marrow  of  a  dog,  the  arterial  blood  of 
a  horse  injected  into  the  lower  extremities  of  the  animal,  after 
circulating  through  the  limb,  came  out  at  the  mouths  of  the 
veins  dark  coloured.  He  found  that  the  lower  extremities  of  a 
frog,  treated  in  the  same  way,  though  deprived  of  volimtary 
motion,  contracted  by.stimuli  and  by  the  galvanic  influence;  He 
found  that  the  heart  of  a  rabbit  continued  to  beat  with  its  usual 
regularity  for  some  time  after  the  blood-vessels  had  been  emptied  * 
of  their  contents;  but  that  the  action  of  the 'heart  was  destroyed 
when  an  animal  was  strangled,  showing  clearly  that  the  stimuhis 
of  the  blood  is  not  the  excitiug  cause  of  the  action  of  the  hcarf. 

On  Thursduy,  the  18th  of  November,  the  remainder  of  Mr. 
Brodie's  paper  on  the  Influence  of  the  Nervous  System  an  Mtts^ 
atlar  Motion^  particularly  of  ilie  Heart, , was  read.  The  author 
coi^cluded  with  sonte  general  inferences  from  die  experiments 
detailed  in  the  preceding  part  of  his  paper. 

Some  farther  exi^eriraents,  comparing  the  Gregorian  atifl 
Cassegrenian  tele^cop;!S,  by  Brigade  Major  Cater,  were  also^read.'< 
The  author  related  a  new  experiment  which  be  had  made,  an^ 
which  confirmed  the  experiments  detailed  in  bis  former  paper  on 
the  superiority  of  the  Cassegrenian  above  the  Gregorian  tele- 
scope. 

At  the  same  meeting  there  was  also  read  an  analysis  of  a  new 
species  of  copper  ore,  from  India,  by  Dr.  Thomson.  This  ore 
was  discovered  about  13  years  ago  by  Dr.  Heyn^,.  at  some  dis- 


I 
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faoce  north*west  from  Madras.  It  occurs  in  nests  in  primitive 
trap.  It  is  an  anhyditxas  carbonate  of  copper^  and  was  composed 
of  Uie  foUowing  constituents  : — 

Carbonic  acid  , ,.•*  16*70 

]^|ack  oxide  of  copper  ^ • « .  60*75 

'        BecJ  oxije  of  iron , 19*50 

"  SiUwU* . .  .'.\, ,/ 2*10 

"'*'  Loss.:...:. 0*95 


»  ;■  v:  ^    ./: 


100*00 

-•.-.     ■.     ■   ^     . 

^n^ciifica  wasiiecidentdly  proceeding  from  small  qaartz  crjrf^ 
tab  inteispersed  la  the  ore.  The  red  oxide  of  iron  was  prol>ably 
only  mechanically  mixed^  as  it  differed  in  quantity  in  different 
specimens.  T^vo  other  native  species  of  carbonate  of  copper 
wer§.j|lr^y  knowB  ;  namely,  malachite  and  blue  copper  ore  : 
butj)|^  of  these  are  hydmtes ;  the  first  containing  two  integrant 
pa|$ftclf99  of  water,  the  second  one.  The  ore  described  in  this 
paper  was  anhydrous. 

LINNiBAN   SOCIETir« 

The  Society  resumed  its  meetings  on  the  2d  of  November.  A 
speeioien  of  convolvulus  jalappa  {jalap  of  the  shops)  raised  in  a 
stove  ift  England  was  exhibited  to  the  Society  by  A.  B.  Lambert^ 
Esq. 

Dr.  Leach  laid  before  the  Society  a  shell  (a  species  of  Venus) 
fowd  ift  the  transition  elajr  slate  of  Plymouth,  and  a  similar 
shell  iound  tipen  the  top  of  Snowdon  in  a  rock,  presumed  like- 
wise to  be  transition  slate.  I  may  take  this  opportunity  of  men- 
timuog,  that  I  have  been  informed  b^  the  same  Gentleman  that 
he  -has  seen  madreporiles  in  the  transition  limestone  of  Plymouth. 

Mr.  Sowerby  presented  to  the  Society  a  new  genus  of  shell  (a 
bivalve)^  found  among  the  mbbish  of  the  West  India  Pocks. 

A  psper,  by  Benjamin  Smith  Barton,  M.  D.  of  Philadelphia 
was  neady  describing  a  new  species  of  Syren,  found  in  Georgia, 
called  the  Syren  striata.  The  paper  contained  likewise  a  descrip- 
tion of  another  species,  called  Syren  tetrapus. 

There  was  read  also  a  description  of  some  plants  growing  on 
Mount  Caucasus,  by  Mr.  Stephen.  This  paper  was  sent  from 
Moaoow  ;  for  the  Natural  History  Society  of  that  city,  in  conse- 
quence of  its  hte  destruction  by  fire,  will  not  for  some  time  be 
in  a  Gonditioa  to  resume  the  printing  of  their  papers. 

Part  of  a  paper,  by  Dr.  I^ach,  was  likewise  read,  giving  a 
corrected  character  of  the  genus  Meloe,  and  describing  six  exotic 
species  of  that  genus. 

On  the  16th  of  November  the  remainder  of  Dr.  Leach's 
paper  on  dififerent  species  of  meloe  was  read.    As  this  paper 

YoL.  II.  N«  VI,  .      2  G 
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cpBsisted  of  a  technical  description  of  diflerent  species  of  meloe, 
it  is  obviously  not  susceptible  of  abridgement. 

Part  of  a  paper,  by  the  Rev.  Patrick  Keith,  on  the  upward 
direction  of  the  plumula,  and  downward  direction  of  the  radicle, 
of  seeds,-  wtt  a!so  read.  The  paper  began  by  stating  the  curious 
£Eict  that,  whatever  be  the  posfttod  of  the  seied,  the  plumula  always 
assumes  an  upward  direction^  and  the  radicle  goes  downwards. 
Then  follows  .an  historical  statement  of  the  different  explanations 
it  this  curious  fact  given  by  philosophers.  The  supj)Qsed  levity 
of  the  sap  of  the  plumula,  and  gravity  of  that  of  the  radicle,  n 
Mentioned ;  then  the  supposed  attraction  of  air  for  the  plumubit 
and  of  earth  for  the  radicle.  Dr.  Darwin's  opinion  is  nextstatedi 
and  a  direct  experiment  in  refutation  of  it  described. 

GEOI^OGICAL  SOCIETY. 

The  Geological  Society  held  its  first  meeting  after  the  long 
vacation  on  Friday,  the  5th  of  November.  Mr.  Webster's  paper 
on  the  formations  in  the  South  of  England  lying  over  the  dudk 
was  continued.  He  described  18  different  bedb  of  calcareous 
matter,  clay,  and  sand,  most  of  which  may  be  traced  for  a  very 
considerable  extent  of  country. 

On  the  19th  of  Novemb^  Mr.  Webster's  paper  was  coatinued. 
He  made  a  comparison  between  the  different  formations  in  the 
JDeiglibourhood  of  Paris  and  those  in  the  South  of  England,  and 
showed  their  exact  similarity,  both  in  the  constituents,  positioB, 
and  fossil  remains  which  tliey  contain ;  though  some  of  the 
Parisian  beds  are  wanting,  or  at  least  have  not  hitherto  been 
observed  in  the  South  of  England.  Thus  something  similar  to 
the  lower  part  of  the  calcaire  grossiere  of  France  has  been  ob- 
served in  England,  but  nothing  similar  to  the  upper  part  of  that 
formation.  The  gypsum  in  Paris  occurs  in  a  fresh-water  forma- 
tion. Selenite  is  found  in  a  similar  position,  in  England  :  but 
we  have  ho  rocks  exactly  similar  to  the  gypsum  of  Montmartre. 
,One  of  the  most  remarkable  formations  w^iich  lie  over  the  chalk 
"in  Engliand  is  the  London  clay,  which  varies  from  200  to  600 
feet  in  thickness.  It  extends  over  a  considerable  part  of  the 
north  coast  :of.  Kent,  and  constitutes  the  surface  of  most  of  Essex 
and  Suffolk*  The  fossil  remains  which  it  contains  are  various, 
and  highly  interesting.  Mr.  Webster  gave  a  catalogue  of  the 
fresh-water  shells  found  in  the  fresh-water  formation  in  England, 
and  showed  that  they  are  precisely  the  same  that  are<ifound  in  the 
same  fornoation  in  the  neighbourhood  of  Paris. 

At  the- same  meeting  a  short  notice,  by  Mr.  Arthur  Aikio, 

was  read,  respecting  the  granite  of  the  Malvern  Hills,  one  of 

which  he  ascended.     He  found  it  composed  of  quartz,  fielspar, 

mica,  and  pistazite ;  and  would  have  hesitated  to  call  it  granite, 

^ad  it  not  be^n  for  the  numerous  i^peiicimens  of  unall  ^'raioj^ 

grsLphic  graihite,  wluc\\  \\e  iauxvA.  cvw^  \nW^  ^\q>xcA« 
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S6'Ba(B  years  ago  a  minerat  was  discbvefed  in  tlie  tnine  of  BJelt^e 
Jh  Vertetand,  a  province  of  Sweden,  situated  on  the  north  side 
6\  the  lake  Venner.  This  mineral  was  observed  to  have  th$ 
piiipe^y  of  giving  out  the  odovir  of  muriatic  acid  when  heated. 
<7h  ffmt iliccQunt  it  was  distinguished  by  the  name  of  pyrodmor 
lite.  The  following  description  of  it,  which  was  drawn  up  by 
Assessor  I.  G.  Gahn,  of  Fahl up,  is  translated  from  Hisinger^s 
Samling  till  en  Mineralogisk  Geogrqfi  ofvei'  Sverige^  p.  175. 
'-.The  co\6\xr  of  pyrodmalite  is  commonly  yeltowish  browri^ 
blttjjlng:  into  greenfen;  internally,  it  is  light  greenish  yellow.  It 
feeurs  crystallized  inr'regtilar  six-sided  prisms  without  any  ter* 
ttlfnatitig  pyramids,  tt  is  composed  t)f  pla^  lying  upon  eadi 
\Either  in  a  direction' perpendicular  to  the  axis  of  the  prisitf* 
Principal  fracture,  splendeat;  cross  fracture,  uneven,  and  \ritli- 
wtluftre:  opaque:  semihat;d :  it  is  scratched  by  steel.  The 
^rystals  are  piten  several  inches  long.  Specific  gravity  3:081. 
^tefofe  tlie  Mow-pipe  it  becomes  dark  redaish  brown,  and  emib 
'fhe  odour  of  munatle  acid.  It  then  melts  into  a  blacic  slag,  anil 
Wlast  a  small  bead  is  obtained,  more  or  less  attracted  by  t^^ 
^iobagnet.  It  dissolves  readily,  and  in  considerable  quantity  m 
^^lass  of  borax,  and  gives  a  colour  indicatitig  the  presence  of 
^manganese  and  iron.  Iti  phosphate  of  ammonia-^nd-soda  tt 
^ffissolves  with  g;reat  difficulty.  Its  constituents  are  silica^  linie^ 
ift0tkj  faianganeise,  and  muriatic  acid.  It  occurs  in  the  mine  cff 
^jellc^  rtli^j^  with  iroh' ore^  dalcaii^ous  spar^  and  black  crystal^ 
Bzed^ttialaeolJte/^  ,: 

-^-  P^rtKlriialite  was  atialysed  last  summer  by  Mr,  Hisinger.    we 
"^iddni  its  constituents  as  follows  : — 

I..    .;  SUica....« •..•....; ••SS*^ 

.   »  i  \      Oxideof  iron .,..<. ;  •  82*6 

O'''^  M  ^7. ;  Oxide  of  manganese .....  • ..23*1    '^ 

•'-  'i    AiAisuna  »•••••*..•••••«.  •««4.v*    0*o 
••u  vMuiiatic  acid ...:..  ^ ...... ^ ••««. .     6*5 

Loss 1*8 

.•■;.■.-   .1  -  ■■'  ■  — . 

1000  ,  . 

■''  It  would  be  difficult  to  form  a  conception  of  the  composition 
-bf  this  mineral  if  it  be  a  chemical  compound.  The  muriatic 
'nctd 'ton' neither  be  united  ivith  the  Jrctt  per  the  mab^ese^  as 
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neither  of  these  are  in  the  requisite  proportions.    The  escape  of 
the  acid  by  heat  seems  to  indicate  the  presence  of  a  portion  ef 
water  amounting  to  about  two-thirds  of  the  loss  stated  as  sus- 
tained in  the  analysis, 

« 

II.  Polychroite. 

This  is  the  name  given  by  Bouillon  .Lagrange,  and  Vogel,  to 
the  colouring  matter  of  $afron,  formerly  considered  by  cl>eniist9 
as  extractive,  but  which  they  conceive  to  be  ^  peculiar  vegetable 
principle.  To  obtain  it,  vye  have  only  to  digest  saffron  in  water, 
evaporate  the  liquid  to  the  consistence  of  a  thick  syrup,  and 
digest  this  residue  in  alcohol.  When  the  alcohol  is  evappratec), 
polychroiie  remains  behind  in  a  state  of  purity.  The  properties 
of  this  substance  are  as  follows : — 

1.  It  has  a  very  intense  yellow  colour.  Its  taste  13  bitter, 
similar  to  that  of  saffron,  and  it  has  an  agreeable  smell. 

2-  It  dissolves  readily  in  water  and  alcohol^  hut  scarcely  io 
ether,  and  not  at  all  in  fat  and  volatile  oils. 

3.  When  the  solution  oi  polychroite  is  exposed  to  the  Iighf>  it 
gradually  loses  its  colour.  Its  colour  is  destroyed  likewise  by 
oxymuriatie  acid.  The  addition  of  a  few  drops  of  sulphuric  adid 
changes  its  colour  to  an  intense  and  beautifql  blue.  Ni^c  acid, 
added' in  like  manner,  renders  it  green.  '.^ 

4.  It  combines  with  lime,  potash,  and  barytes,  forjning  with 
these  h'dses  soluble  and  insoluble  compounds. 

5.  When  sulphate  of  iron  is  dropped  into  a  solutipn  contain* 
ing  it,  a  dark  brown  precipitate  is  formed. 

G,  It  stains  cloth  of  an  intense  yellow  colour. 

7.  When  distilled  it  yields  an  acid  liquid,  a  yellow  coloured 
oil,  and  carbonic  acid  gas,  and  carbureted  hydrogen  gas.  TTie 
acidulous  liquid  contains  ammonia.  Tlie  charcoal,  when  inci- 
Derated,  leaves  traces  of  carbonate,  sulphate  and  ipuriate  of 
potash,  of  carbonates  of  lime  and  magnesia^  and  of  iron.  Sec 
Afin,  de  CJiim.  vol.  Ixxx.  p.  198. 

III.  Picroioxi?ie. 

Tl)is  is  the  name  given  by  M.  Boullay  to  a  peculiar  substance 
which  he  extracted  from  the  Cocculus  Indicus,  to  which  that 
body  ov'es  its  deleterious  qualities.  Picrotoxine  may  be  obtained 
by  the  following  process.  Boil  the  seeds  deprived  of  their  peri- 
carp in  a  sufficient  quantity  of  water.  Filter  the  decoction,  and 
precipitate  it  by  acetate  of  lead.  Then  filter  again,  and  evapo- 
rate slowly  to  the  consistence  of  an  extract.  Dissolve  this 
extract  in  alcohol,  and  evaporate  the  solution  to  dryness.  Repeat 
these  solutions  in  alcohol  and  evaporations,  till  the  residue  is 
wholly  soluble  in  alcohol  and  Water.  It  then  consists  of  picrot- 
.oxiac  mixed  with  a  Utxte  coloviring  matter.    Agitate  it  with  t 
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very  small  quslntity  of  water,  the  colouring  matter  is  dissolved, 
and,  the  picrotoxine  separates  in  small  crystals.  Its  properties 
afejfe  follows: — 

1.  Its  colour  is  white,  and  it  crystallizes  in  four^-sided  prisnUs* 

2.  Its  taste  is  disgustingly  bitter. 

3.  A  hundred  parts  of  boiling  water  dissolve  four  parts  of 
picrotoxine,  one  half  of  which  separates  as  the  solution  cools. 
The  solution  does  not  alter  the  colour  of  vegetable  blues. 

4.  Alcohol  of  the  specific  gravity  0*8 Ip  dissdhres  the  third  ot 
its  weight  of  this  substance.  A  little  water  throws  down  thci 
picrotoxine ;  the  additioA  df  a  greater  quantity  redissolves  the? 
precipitate. 

5.  Sulphuric  ether  of  the  specific  gravity  0*700  dissolves  only 
0'4  of  picrotoxine. 

6.  It  is  insoluble  in  oils,  both  fixed  and  volatile. 

7-  Diluted  sulphuric  acid  does  not  act  upon  it ;  concentrated 
acid  dissolves  it,  assuming  a  yellow  colour.  When  heat  is  ap- 
plied, the  picrotoxine  is  charred  and  destroyed. 

8.  Nitric  acid  dissolves  it  without  the  disengagement  of 
Wtrdus  gas.  The  solution  is  yellowish  green;  When  heat  is 
iiqpptied,  the  picrotoxine  is  converted  into  oxalic  acid  ;  but  about 
T8  parts  of  nitric  add  are  requisite  to  produce  this  effect. 
'  9.  Muriatic,  oxymuriatic,  and  sulphuiious  acids,  have  no 
action  on  it. 

*    iO:  Acetic  acid  dissolves  it  readily.    Carboriate  of   potash 
precipitates  it  from  this  solution  unaltered. 

*  11.  Potash,  soda,  Jtnd  ammonia,  diluted  with  ten  times  their 
weight  of  water,  readily  dissolve  picrotoxine. 

12.  When  triturated  with  potash,  it  assumes  a  yellow  colour, 
teut  does  not  emit  the  odour  of  ammonia. 

13.  When  heated,  it,  burns  without  mielting,  or  giving  out 
'^ffaftie,  Exhaling  a  white  smoke,  which  has  a  resinous  odour. 

14.  When  distilled,  it  yields  very  little  water  and  gaseous 
prtxliiCts,  but  much  yellow  coloured  empyrefuiliatic  oil,  and  a 
brilliant  bulky  charcoal  remains  behind.  See  Ann.  de  Chimp 
Tol.  Ixxx.  p.  209. 

IV.  Boletic  Acid^ 

This  is  a  new  vegetable  acid  obtained  by  Braconnot  from  the 
iWcfcl  of  the  loletus  pseudo-igniarius  by  the  following  process. 
The  jdice  w^  boiled,  filtered,  and  evaporated  cautiously  to  the 
Consistence  of  a  syrup.  This  syrup  was  repeatedly  digested  ia 
ialcohol,  the  insoluble  portion  was  dissolved  in  water,  and  precis- 
i(fitated'by  nitrate  of  lead.  The  white  precipitate  thus  obtained 
yas  mixed  with  water,  and  decomposed  by  sulphureted  hydrogen 
'  gas.    The  water  being  now  evaporated  yields  numerous  crystals> 
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which  constitute  lol^tic  acidp    The  properties  of  this  acid  are  as 

fglJOws; —  .  ^      ^  .    ,,,    ^  ; 

1.  When  purified  by  solution  in  alcohol  and  crystalUi^tion  k 
is  white,  not  altered  by  esiposure  to  the  dr^  and.coiisistfi  in 
itregular  four-sided  prisms.  ^-..!. 

2.  Its  taste  is  similar  to  that  of  tartar;  it  requires  130  tirms 
its  weight  of  water  to  dissolve  it  at  the  temperiature  of  6b°»  ,  -It 
h  soluble  in  45  times  its  weight  of  alcohol 

' '  S;  The  aqqeous  solution  reddens  vegetable  blues*  .  IGicatct  of 
lead  occasions  a  precipitate  in  it  which  is  redissblved''  By  agita* 
tion.  It  precipitates  the  red  oxide  of  iron  completely  from  its 
solutions  in  the  form  of  fust  coloured  flocks;  but;  it4oesnot 
throw  down  the  black  oxide  of  this  m^tyL  It  precipitates  ^litrale 
of  silver  in  the  state  of  a  white  powder^  whicl^  is  soluble  m 
nitric  acid.  Nitrate  of  mercury  is.  precipitated  .}a  the  same 
^ate;  but  the  solution  dissolves-  with  difficulty  in  nitric  .acid* 
£[either  lime  nor  barytes  water  produce  aiiy  efieqt.  upon  tBe 
aqueous  solution  of  tms  acid.  ....  :: 

4«  When  heated  it  rises  in  while  v^poursj ^  whi9h  irritffte  .t|^e 

throat,  and  condense  on  surrounding  bodies  in  the  form  pf  a 

fjEurinaceous  powder.    When  distilled  the  greatest  part.pf  it  sab- 

.  limes  unaltered,  excepting  that  it  afterwards  crystalliises  mare 

'  i^gularly.  ,  At  the  same  time  a  Utile  liquid  appears^) having  a 

strong  smell  of  acetic  acid, 

$•  Boletateof  ammonia  is  a  salt  which  crystallizes  in  flat 
four-sided  prisms,  and  is  soluble  in  26  times  its  weight  of  water 
at  the  temperature  of  68^.  Its.  taste  is  cooling,  saline,  and 
somewhat  sharp.  When  heated  it  melts,  swells,  apd  sublimes. 
It  precipitates  red  oxide  of  iron ;  but  does  not  niter  sulphates  of 
lime,  alumina,  or  manganese.  It  slowly  precipitates  niti'ate  of 
copper  in  blue  silky  needles. 

6.  Boletate  of  potash  is  very  soluble  in  water,  and  crystallines 
.  lyith  difficulty.     Acids  precipitate  the  boletic. add  from  it. 

7-  When  boletic  acid  is  heated  with  carbonate  of  lime.it  c^s- 

.  ^Ives  it  with  eJQfervesceuce,    The  boletate  of  lime  crystallises 

,  in  flat  four-sided  prisms.    This  salt  has  little  taste^.  apd  requires 

at  least  110  times  its  weight  of  water,  at  the  temperature , of 

.  72'5°,  to  dissolve  it.    It  is  decomposed  by  oxalic  and  sulphuric 

aplds, 

H,  Boletatp  of  barytes  is  an  acidulous  salt  in.  white  piftes, 
little  soluble  in  y^ater  or  nitric  acid.  .When  tbrpwn  ona  rcdrhut 
iron  it  burns  rapidly^  with  a  red  flame,  and  striing  scintillations, 
leaving  for  residue  carbonate  of  barytes. 

9.  When  heated  with  iron  filings  and  water,  hydrogen  gas  is 
pmitted,  and  a  yellow  liquor  is  obtained  with  an  inky  taste.  Sep 
^n,de  Qhim*\oLlxsaiL.  p.  2*^2. 
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^  V.  F)^e$zing  of  Akokd.    "     ■    ''" 

A  correspondent  informs  me  that  the  process  followed  by  Mr. 
Huttoit  to  freeze  alcohol,  and  Which  he  thotight  proper  to  coa* 
ceal,  was  as  follows.  The  alcohol  is  put  into  a  condensinfl; 
vessel,  and  air  condensed  on  it  as  far  as  can  be  done  with  safety. 
^]nte  v^jssel  is  then  reduced  to  as  low  a  temperature  as  possible  by 
tneans  of  freezing  mixtures,  and  the  air  being  allowed  suddenly 
to  make  its  escape  increases  the  cold  ^o  much  that  the  desired 
iefiect  15  produced. 

VL  Situation  of  Cryolite  in  Greenland, 

^"    I  ^received  from  Mr.  Allan  the  following  correctibn  of  hk 
account  of  Greenland  from  Mr.  Gieseck^  too  late  for  insertion 
in  the  Iwt  Number  of  the  Annals  of  Philosophy, : — 
• ;  «*  0ryoKte  bccurs  in  two  small  detached  beds,   resting  on 
l^neiss;   one  of  them  is  composed  entirely  of  the  fine  whit^ 

•cryolite  uncontaminated  with  any  mixture  3  in  the  otHer,  the 
brown  variety  occurs  mixed  with  galena,  pyrites,  &c.  They 
«re  situated  very  near  each  other.  '  The  first  is  touched  at  hign 

^  water  by  the  tide.    It  varies  from  1  to  2^  feet  in  thickness. 

~  Aom  the  decompositions  which  this  curious  mineral  has  under- 

-gone,  it  could  not  be  procured  attached  to  the  rock  on  which  it 
rests.  It  is,  besides,  divided  from  it  by  a  thin  layer  of  mica, 
always  in  a  state  of  disintegration.    Mr.  Gieseck^  is  inclined  to 

■  ^donsider  the  cryolite  as  belonging^  to  a  floetz  formation.*' 

^  .-  .  Vll,  Meteorological  Apparatus. 

In  answer  to  thie  correspondent  Who  wHshes  for  correct  inf&r- 

;  jstitAon  respedting  Mr.  LuKC  Howi(rd*s  rhcteotological  apparatus, 

I  have  only  tb  refer  to  the  wrapper  of  Number  II.  6f  the  Annuls 

of  Philosophy,  where,  every  tiling  respecting  it  with  wlijch  1  ^m 

•acqiraintea  has  be^n  noticed!    Ais  t6  evaporation,  he  wilt  find 

.  useful  observations  on  it  in  Saussure,  and  in  a  paper,  by  Mr. 

Dalton  published  in  the  Manchester  Memoirs.    The  part  of  the 

apparatus  most  frequently  wrong  is  the  rain-gage,  which  peter 

can  0ive  corrlect  information  unleks  it  be  placed  within  a  jfew  feet 

of  the  ground,  and  detached  from  atl  buildings.    I  believe  ihe 

"  ihdm  tertiperatiire  indicated  by  the  thermometer  in  most  journals 

is  too  high.     It  must  always  be  so,  unless  the  lowest  point  to 

which  the  thermometer  falls  in  the  night  be  marked.    Tliis,  in 

^itimer^  is  usually  about  sun-rise;  in  winter,  it  is  irregu^r^ 

depetiding  on  the  wind.  ,  A  good  Six's  thermometer  I  conceive 

to  be  a  necessary  appendage  to  every  meteorological  apparatus. 

VHL  Biddery  IVare. 
I  have  been  favoured  by  Dr.  Wilkf ns  With  the  fbllitming 
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receipt,  which  he  informs  me  is  followed  in  making  Biddery 
ware  in  some  parts  of  India : — 

Copper  ...»•••••••••« •••...•.16  oz. 

Lead 4 

Tin 2 

Melt  all  these  together  ;  take  S  ounces  of  the  alloy,  and  melt 
them  with  16^  ounces  of  zinc.  This  mixture  constitutes  the 
alloy  of  Which  Biddery  ware  is  made.  To  give  it  a  black  colour, 
wash  the  surface  with  a  solution  of  I  oz,  of  sal  ammoniac,  -i-  ozw 
of  saltpetre,  ^  oz.  of  common  salt,  i  oz.  of  blue  vitriol,  and 
dip  tlie  Biddery  ware  into  this  solution. 

IX.  Gong. 

Gongs  are  manufactured  in  Canton  in  an  open  mariner*  Th^ 
largest  kinds  are  made  in  one  of  the  interior  provinces  of  China* 
They  are  not  made  in  any  part  of  India. 
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List  of  Patents. 

John  Br^sill,  of  Great  Yarmouth ;  for  a  machine  for 
working  capstans  and  pumps  on  board ,  ships,  which  machine 
may  also  be  applied  to  various  other  useful  purposes.  Date4 
September  4,  1813. 

JOHN  Westwood,  of  SheflSeld  ^  for  a  new  method  of  em-? 
bossing  ivory  by  pressure.  Dated  September  9,  1813.. 
,  Frank  Parkinson,  of  Kingston-upoD'-HuQ,  distiller;  for 
fl  still  and  boiler  for  preventing  accidents  by  fire,  and  for  pre- 
serving spirits  and  other  articles  from  w^e  in  the  iteration  of 
distilling  and  boiling.     Dated  September  4,  1813. 

^ENRY  LisTON,  Minister  of  Ecclesmachen,  Linlithgow; 
for  certain  improvements  on  the  pbugh.  Dated  September  23, 
1813. 

Henry  Osburn,  Whitmore-house,  Warwickshire;  for  a 
;  method  of  making  tools  for  tapering  of  cylinders  of  different 
descriptions,  n\ade  of  iron,  steel,  metal,  or  mixture  pf  metals; 
and  also  for  tapering  tars  of  iron,  ste<sl,  metal^  or  mixture  of 
in^tals.    Dated  October  15,  1813.  I 

RoBBRTsoN  Buchanan,  Gfasgow,  civil  engineer ;  for  certain 
improvements  in  the  means  of  propelling  vessels^  boats,  barges, 
and  rafts,  yi^hich  may  also  be  applied  to  the  moving  of  water 
W^fc^'*  ^vd  wind  n^ills,  the  raiMhg  ot  water,  the  dredging, 
plean^'pg,  or  deepening  of  rivers  and  harbours,  and  the  im- 
pelljjjj  «f  otjier  machiflpiy.    Dated  pctober  18,  1813| 
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The  observBlipna  io  facb  line  of  ihe  table  apfty  (a  a  oeriod  of  twtaty-f»H 
hniirt,  begitining  at  9  A.M.  on  the  day  indkaud  in  the  first  colamn.  A  dsili 
itaottf  Ibkt  tha  icnilt  is  iucluiied  in  tlK  aei^  fain>wing  obKfyUion. 
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REMARKS. 

Tenth  Month. — 16.  Fine  morning :  wet  p.'iD. :  lightning  in 
the  evening.  17-  Showeiy.  18.  Fine  a.m.:  shower  p.m. 
19.  Hoar  frost:  &ir  day^'^  ^ulef  ini^Qr ! morning.  20.  Cloudy: 
a.  m  much  wind  at  £.'  22.  About  fialf-|>ast  seven  p.  m.  a  bright 
blue  meteor  appeared  in  the  N.  and  passing  to  the  westward  with 
a  steady  and  rather  slow  motian  became  extinct.  There  were 
some  traces  of  Cirrostratus  clouds^  which  increased  afterwards, 
j23.  M^iximvifa  of  terop..9t  ninp  a.m.:  cloudy^i  with  a  breeze. 
iM.  Overcast..  25.  Cloudy,  d.  m. :  clear,  p.  m.  During  the 
twiUght  there  was  an  abuodaiice^^-red  btt:^, -fits!  ftrtftorE. 
liorizon,  over  clouds  in  that  Quarter  j.  tlico  ^t  c^.  (jooside^k 
elevation  in  the  W.  It  ended  inore.Gtear,.  and'oraAge  coloateid. 
26.  Cloudy  at  intervals.  2^.  !a.  mv  Wn«|y. '•  }J8;  \^^ 
.which  v^^s  found,  on  examination,  tp  iibnsi^3  p^  of  ipicfu^ 
attached  to  the  herbage,  but  9f  tlie' ilropaof  jdewy.froaeo 
and  solid.  29.  Hoar  frost :  Ofmiidostrati,  followed  by  Nimbi, 
one  of  the  latter  approaching  from  theE,  f  at  foikf  p.  m.  exhi- 
bited a  double  rambow,  on  aground  of  purptei  30^  .Spkolar 
Iioar  frost :  very  misty  :  clear  at  noon  :  CirrostriOus^  and  a  litde 
jain,  p  m. :  wet  and  stormy  n^ht.  SK  Wfndy^  a.  m.  i'  Ckr^f 
with  Cumulus ;  a  shower  abouf  four,  with^a  fiiie  bow. 

Eleventh  Month. — 1.  Hoar  frost.  2,  Granular  hoar  frost: 
Tcry  clear  sun-rise:  clouds  at  noon:  rain,  p.m.:  vcry'win^ 
night.  3.  Sunshine,  a.m.:  wind,  N.Ptf.W.:  a  shower,  p.m. 
6.  Calm  clear  weather,  with  hoar  frost,  these  three  days :  the 
wind  now  rising.  7*.  Small  rain  at  intervals:  a  solar  halo,  p.m. 
of  large  diameter.  8.  Fair,  a.  m.  Before  /our  p.  m..  dark 
NimOiy  and  rain  beginning :  being  on  the  south  side  of  London, 
I  was  surprised  with  a  flash  of  lightning  and  a  sharp  peal  of 
thunder :  about  half-past  six  had  a  glimpse  of  a  meteor  passing 
to  the  W.  It  was  said  to  lighten  after  this  time.  8,  9.  Windy. 
11.  StcMiny  night.  12.  Windy  jatid  cloudy  :  p.  m.  wet.  13.  Hoar 
frost.    14.  The  same,  with  crystallized  rime  on  the  shrubs. 

RESULTS. 

;Winds  Variable  :   the  Easterly  prevailed  in  the  former,   the 
{  Westerly  in  the  latter  part. 

Barometer :  greatest  height .30*S4  inches; 

Least .2874  inches; 

Mean  of  the  period ....... .29-625  inches. 

Thermometer:  greatest  height 58°       ^ 

.;.  Least     : 27*^       ?• 

Mean  of  the  period . . .  .43*41^  ?; 

Evaporation,  0-83  inches.     Rain,  2' 14  inches. 

ToTTENMAM,  SUventh  itfoA^,  n^r  1813.  .  L.   HOWARD. 
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CORRIGEjPiDA. 


P.  47,  line  9,  for  «*  Alumina  3-500"  read  "  2-IS6." 
P.  48,  line  6,  for  ♦*  Nickel  3623  "  read  '*  7-305." 
P.  51,  line  16,  for  "  Dcutoxidc  of  Nickel  5  623  "  read  *«  9*305." 
P.  61,  line  17,  for  «*  Peroxide  of  Nickel  6  623"  read  "  10-305." 
P.  33iB,    Ezper.  L  and  II.  dele   ^^  Example  of  oscillatton    above-men- 
tioned." 

P.  338,  Ezper.  IV.  line  4,  col.  3.  far  **  3-00  "  read  "  400;"  and  after 
•*  Kzample  of  oscillation  abovomentiuned,"  add  '*  p.  336,  note." 

P.  340,  line  4  from  bottom,  and  p.  341,  line  7  from  top,  for  **  in  a  given 
time,"  read  **  at  a  |fivc«  tiraf." 

P.  343,  line  23,  for  "  one  per  cent."  re.id  •'  one-teoth  per  cent." 
P.  3*44,  line  9,  for  **  three  or  four  pints,"  read  "three  or  four  parti." 


C.  Baldwin,  Prktter, 
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